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The
PLU
ARG
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k
Gro
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C
act
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tie
s
of
the
Dep
art
men
t
of
Ear
th
Sci
enc
es
at
the
Uni
ver
sit
y
of
Wat
erl
oo
wer
e
pri
mar
ily
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ate
d
to
the
occ
urr
enc
e
and
mig
rat
ion
of
nit
rat
e
in
the
gro
und
wat
er
of
agr
icu
ltu
ral
wat
ers
hed
s,
and
the
imp
act
of
nit
rat
e
in
gro
und
wat
er
on
sur
fac
e w
ate
r
qua
lit
y.
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the
wor
k
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cee
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r
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thr
ee
yea
r
dur
ati
on
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jec
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thr
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nue
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tta
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lti
ng
in
thr
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oje
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.
The
sub
—pr
oje
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t
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pri
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bje
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eve
r,
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eal
t w
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-
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m,
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olv
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qui
te
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eri
men
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to
som
e e
xte
nt,
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 SUMMARY
This report describes detailed groundwater investigations
conducted in a sub—region of the Hillman Creek (PLENKlAG—l3)
watershed. The objectives of the investigations were:
1. to determine the distribution in groundwater of nitrate
and to relate this to the observed distribution of land
use practices
2. to obtain information on the mechanics of nitrate storage
and transport in the groundwater zone
3. to develop procedures for predicting the rates at which
the nitrate which is presently in subsurface storage will
be transported into streams that drain to the Great Lakes
4.’
to develop relationships that can be used for extrapo-
lation of at least some of the results from the detailed
study area
to other
areas
in the Great Lakes
drainage
system.
Although nitrate was
studied
in detail,
ammonium,
phosphorus,
potassium and pesticides, all potential agricultural contam-
inants, were also investigated.
The detailed
study site has an area of approximately
4 km2 and is drained by the upstream portion of the east
arm of Hillman
Creek.
Almost the
total area
is under
intensive agricultural
production with
tobacco,
potatoes
and
tomatoes
being
the
major
crops
grown.
Minor
crops
include
peaches,
apples,
squash,
peppers,
other
horticultural
crops
and
small
grains.
Nitrogen
in
chemical
fertilizers
is
applied
(xi)
 at
a r
ate
of
app
rox
ima
tel
y
75
kg—
N/h
a/y
ear
.
No
maj
or
poi
nt
sources of nitrate contamination were identified.
App
rox
ima
tel
y
180
obs
erv
ati
on
wel
ls
wer
e
ins
tal
led
within the study area. These were used to determine the
physical hydrogeolOgic features of the study area and also
for the collection of water samples for chemical analyses.
The following summaries are based primarily upon the data
obtained from the observation wells.
Physical Hydrogeology: The study area was of low relief,
generally sloping towards the east and south—east at a
rate of approximately 1:100. The shallow stratigraphy
consisted of sand overlying silty clay till. The sand
varied in thickneSS from approximately 11 m in the north—
west to near zero along the-eastern margin of the study
area and consisted of an upper reddish brown sand approx—
imately one to two meters thick overlying a grey sand.
The hydraulic conductivity of the sand was on the order
of 5 x 10‘3cm sec-l with that of the upper reddish brown
sand being somewhat higher than that of the grey sand.
The
silty
clay
till
was
several
metres
thick
and
had
a
hydraulic
conductivity
sufficiently
low
that
it
could
be
viewed
as
a
lower
boundary
to
the
groundwater
flow
system
in the sand.
The
depth
to
the
water
table
showed
considerable
seasonal
variability
and
varied
from
approximately
4
m
in
(xii)
 the north—west portion of the study area to one to two metres
over much of the area. The water table showed a gradual
slope towards the east and south—east towards Hillman Creek.
Horizontal hydraulic gradients were measured to be approx-
imately 1:250 while vertical gradients were approximately
1:500 in most area. From the hydraulic head distribution,
the distribution of environmental isotopes and numerical
flow models, it apears that the gravel pit ponds along the
western edge of the study areaare contributing ground—
water to the flow system.
Environmental Isotopes:
The results of the tritium analyses
indicated that all the water in the sand aquifer was less
than 25 years old, while the water in the silty clay till
was more than 25 years old. From a consideration of the
concentration distribution it was estimated that most of
the groundwater had an age between
three
and twelve years.
This was
in reasonable agreement
with
calculations based
on the
hydraulic
gradients and hydraulic
conductivity,
and
somewhat less
than
the age determined
from the numerical
flow model.
The distribution of 18O and D values suggested two
sources
of
groundwater
to
the
flow
system,
the
gravel
pit
ponds
and
infiltration
through
the
soil
zone.
(xiii)
  
Ch
lo
ri
de
:
Th
e
ch
lo
ri
de
co
nc
en
tr
at
io
n
in
th
e
gr
ou
nd
wa
te
r
va
ri
ed
be
tw
ee
n
20
an
d
40
mg
/l
.
Th
e
pr
im
ar
y
so
ur
ce
of
chl
ori
de
was
bel
iev
ed
to
be
KCl
of
fer
til
ize
r.
The
com
ple
te
well network was not sampled; however, there was some
indication that in areas which were cultivated, the chloride
concentration decreased with depth while in uncultivated
areas the concentration increased with depth. In the UDCUl-
tivated areas, the shallow water would be low in chloride
since it originated in an unfertilized area and the deeper
groundwater would tend to be higher since it probably
originated upstream in the flow system, possibly in a cul-
tivated region. The high chloride in the shallow ground—
water of cultivated regions would reflect the leaching of
chloride from applied fertilizers while the lower concentrations
at depth could represent some mixture of waters which had
originated in both fertilized and unfertilized regions.
.. ++ ++, +
Major Cations and Spec1f1c Conductance: Ca , Mg and Na
showed concentrations typical of a carbonate dissolution
controlled system. No consistent trends in space were ob—
served and thus this data was of little value in interpreting
the flow system or the nitrate data. The K+ data tended
to show the highest values in the shallow groundwater of
cultivated areas. Thus it appears that some fertilizer
potassium has migrated downward to the water table. The
increased potassium concentrations do not represent
an
environmental
hazard.
The
specific
conductance
values
were
(xiv)
generally within the range 375 to 850 #mhos/cm. Although
there was a considerable range in values, no spatial trends
in the data were evident.
Dissolved Oxygen Eh and Methane:
Dissolved oxygen and Eh
measurements
were
taken at sites
having
detailed piezometer
nests.
The
most
striking
feature
of
the
data
was
a
sharp
decrease
in both
dissolved
oxygen and Eh at shallow depths
below
the
water
table.
At
H26
and
H40,
the
only
locations
for
which
methane
analyses
were
conducted,
the
reduction
in
D0 and
Eh corresponded with
the occurrence of methane
indicating a change from oxidizing
to reducing
conditions
with
depth.
It
is
noteworthy
that
the
sharp
interface
between
oxidizing
and
reducing
conditions
persisted
over
the
entire
study area.
Alternative
explanations
for
the interface were
developed.
The
deeper
water
which
is
present
under
reducing
conditions
may
have
had
its
origin
in
the
gravel
pit
ponds
while
the
upper
gmoundwater
which
exhibits
oxidizing
conditions
may
have
originated
as
infiltration
through
the
soil
zone.
Alternatively,
as
infiltrating
water
migrates
downward
through
the
saturated
zone,
dissolved
oxygen
may
be
used
up
by
aerobic
bacteria.
As
the
oxygen
is
depleted,
anaerobic
respiration
may
become
predominant,
resulting
in
the
pro-
duction
of
methane.
Sites
which
did
not
appear
to
be
in
the
path
of
water
originating
at
the
ponds
showed
the
sharp
inter-
face
and
the
interface
was
maintained
at
considerable
distances
the latter explanation appears
from the ponds. As a result,
(xv)
 
  
to be the most probable.
Pho
sph
ate
:
Pho
sph
ate
sam
ple
s w
ere
sel
ect
ed
to
rep
res
ent
a range in both the depth below ground surface and land use.
The results of the analyses showed very low phosphate
concentrations indicating that although the area is under
intensive agricultural production, little or no phosphorus
is being contributed to the groundwater of the area.
Pesticides: Twelve water samples were analyzed for a
selected number of pesticides. None were detected.
Nitrogen-Ammonium: Few ammonium concentrations exceeded
1.0 mg/l —N and most were within the range 0.0 - 0.2 mg/l -N.
There was no evidence of a correlation between land use
and ammonium concentration. The values which exceeded 1.0 mg/l
appeared to be truly anomalous in that they could not be
related to any local features or conditions and generally
persisted at a particular sampling location for only one
sampling time. Contamination of either the well, sampling
equipment, or sample bottle seems unlikely, but is the only
apparent explanation.
Nitrogen - Nitrate: Nitrate concentrations ranged between
0.0 and 45 mg/l —N and the data can best be described as
variable, both in space and in time. In plan view the con-
centrations could generally be correlated with land use in
that
the
groundwater
beneath
cultivated
regions
tended
to
have
significant
nitrate concentrations while
in.uncmhﬂvated
(xvi)
 regions the nitrate concentrations were very low. Within
the cultivated regions there did not appear to be any direct
“correlation between nitrate concentration and the rate of
fertilizer application. The lack of nitrate in the ground—
water of uncultivated areas suggests that nitrate was not
being carried laterally into these regions from the cultiv—
ated areas.
Within cultivated regions the nitrate concentration was
generally significant within one to two metres of the water
table, then decreased very rapidly to zero or near-zero values.
The decrease was generally accompanied by a decrease in D0
and Eh, and an increase in methane. If flow were only in the
vertical direction, there would be little doubt that as the
water moved through the system, it changed from oxidizing
to reducing conditions and that this was accompanied by a
decrease in the nitrate concentration, probably as a result
of denitrification. The presence of methane is strong evidence
that conditions are sufficiently reducing and that there is
an adequate energy source for denitrification to proceed.
Nitrate Loading to the Groundwater: Attempts were made to
estimate the amount of nitrate contributed to the groundwater
flow system by two methods. A nitrogen balance on the soil
zone indicated that nitrate was contributed to the ground-
water at an average rate of approximately 50 kg N/ha/year.
From the unsaturated
zone plots,
information was obtained
(xvii)
 reg
ard
ing
the
eff
ect
s o
f
lan
d u
se
on
nit
rat
e m
igr
ati
on
to
the
wat
er
tab
le
and
als
o o
n t
he
tem
por
al
var
iab
ili
ty
of
the
rate of nitrate movement; however, it was not possible to
obtain quantitative estimates of the yearly rate of nitrate
contributed to the groundwater flow system
Nitrate Loading to Hillman Creek: the amount of nitrate
being discharged by groundwater to Hillman Creek was deter—
mined using three methods. From measurements of the stream
discharge and stream nitrate concentration at a weir
located at the outflow from the study area, it was estimated
that 14 kg N/ha/year were discharged to the stream by
groundwater. Using a flow net constructed along the stream,
the rate of discharge was estimated at 12 kg N/ha/year, and
by dividing the amount of nitrate in groundwater storage
by the average residence time a value of 13 kg N/ha/year
was determined. Although many assumptions were made in
each method of calculation, the results were very similar,
giving some confidence that the rate of nitrogen discharge
to the stream is probably within the range 10 to 20 kg N/ha/year.
This is less than one-half the calculated rate at which
nitrate is being contributed to theggroundwater.
Although
inconclusive,
and
depending upon one's
confidence
in the
estimates,
this could
be interpreted as further
evidence
of
denitrification
in
the
groundwater
flow
system.
(xviii)
1. INTRODUCTION
Th
is
re
po
rt
de
sc
ri
be
s
de
ta
il
ed
gr
ou
nd
wa
te
r
in
ve
st
ig
at
io
ns
cond
ucte
d in
a su
b—re
gion
of t
he H
illm
an C
reek
(PLU
ARG-
13)
wate
rshe
d.
The field activities commenced in May, 1975 and were terminated at
the end of May, 1977. The objectives of the investigations were:
1.
to
det
erm
ine
the
dis
tri
but
ion
in
gro
und
wat
er
of
nit
rat
e a
nd
to
reiate this to the observed distribution of land uSe practices,
2. to obtain information on the mechanics of storage and transport
of nitrate in the groundwater zone,
3. to develop procedures for predicting the rates at which the
nitrate which is presently in subsurface storage will be trans-
ported into streams that drain to the Great Lakes,
4. to develop relationships that can be used for extrapolation of
at least some of the results from the detailed study area to
other areas in the Great Lakes drainage system.
Although nitrate was studied in detail, ammonia, phosphorus, potassium
and pesticides, all potential agricultural contaminants, were also
investigated.
Our approach to the problem represented by the above objectives
was based on a preconceived conceptual model of the nitrate transport
process. We presumed that nitrate would be carried from the soil
zone into the groundwater by infiltrating water, and that once in
the groundwater, it Would not be significantly attenuated by chemical
processes, but rather its migration would be controlled-by the ground-
water flow system. As a consequence of this model, one could envision
an assemblage of plumes of groundwater with varying nitrate concentrations.
 
 The
con
cen
tra
tio
n
of
nit
rat
e
in
a p
art
icu
lar
plu
me
wou
ld
be
dep
end
ent
upo
n t
he
amo
unt
of
nit
rat
e a
vai
lab
le
for
lea
chi
ng
and
thu
s,
to
a
sig
nif
ica
nt
deg
ree
, u
pon
lan
d u
se
and
soi
l t
ype.
The
ext
ent
of
the
plu
me
w0u
ld
dep
end
upo
n t
he
are
a o
f t
he
par
tic
ula
r
sou
rce
as
wel
l a
s
the groundwater flow pattern.
Alt
hou
gh
the
con
cep
tua
l m
ode
l a
s p
res
ent
ed
her
e i
s s
ome
wha
t
sim
pli
fie
d,
we
ant
ici
pat
ed
tha
t t
hro
ugh
rea
son
abl
y d
eta
ile
d f
iel
d
inv
est
iga
tio
ns
in
sel
ect
ed
are
as
of
dif
fer
ing
lan
d u
se
and
soi
l t
ype,
and
usin
g th
e fi
eld
info
rmat
ion
in s
imul
atio
n mo
dels
, we
coul
d ar
rive
at the stated objectives.
The field investigations commenced in the Hillman Creek watershed
in M
ay,
1975
. I
t be
came
appa
rent
at a
very
earl
y st
age,
that
the
amou
nt
of detail required in the field investigation to describe the occurrence
of nitrate, in this relatively simple hydrogeologic environment, was
much greater than had been anticipated. As a consequence, the detailed
investigations were limited to the Hillman Creek watershed.
In order to determine and explain the nitrate distribution within
the groundwater zone of the study area, a variety of methods were applied.
These included:
1. test drilling and sampling of geologic materials to determine the
stratigraphy and texture of deposits below the solum in zones of
active water circulation,
2. water-level monitoring in the groundwater zone by means of observa—
tion well networks; the well network also provided for groundwater
sampling and for permeability testing,
3. the use of seepage meters to determine the flux of groundwater into
the stream,
 ana
lys
is
of
wat
er
sam
ple
s
fro
m t
he
wel
l n
etw
ork
and
fro
m s
tre
ams
and
pon
ds
for
the
ir
con
cen
tra
tio
ns
of
env
iro
nme
nta
l i
sot
ope
s s
uch
as
oxy
gen
—18
,
deu
ter
ium
,
and
tri
tiu
m,
whi
ch
ser
ve
as
nat
ura
l
gr
ou
nd
wa
te
r
tr
ac
er
s
an
d
ag
e
in
di
ca
to
rs
.
geo
che
mic
al
stu
die
s o
f g
rou
ndw
ate
r,
inv
olv
ing
mea
sur
eme
nts
in
the
fiel
d of
para
mete
rs s
uch
as s
peci
fic
cond
ucta
nce,
pH,
Eh,
diss
olve
d
oxy
gen
, a
nd
tem
per
atu
re,
and
lab
ora
tor
y a
nal
yse
s o
f m
ajo
r i
ons.
ins
tru
men
tat
ion
in
the
uns
atu
rat
ed
zon
e t
o o
bta
in
est
ima
tes
of
the
nitrate loading to the groundwater.
dig
ita
l s
imu
lat
ion
stu
die
s o
f s
ubs
urf
ace
flo
w o
f w
ate
r a
nd
mov
eme
nt
of dissolved contaminants such as nitrate.
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2.1 Location
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u
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i
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1
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d
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n
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t
h
w
e
s
t
e
r
n
O
n
t
a
r
i
o
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It
co
ve
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a
p
p
r
o
x
i
m
a
t
e
l
y
3.
95
sq
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k
i
l
o
m
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t
e
r
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d
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b
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e
u
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r
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m
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c
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ps
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40
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b
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1
MC
E
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ve
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e
st
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l
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ic
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ic
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it
io
ns
Th
e
Hi
ll
ma
n
Cr
ee
k
wa
te
rs
he
d
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si
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at
ed
in
an
ar
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of
pr
ed
om
in
an
tl
y
gl
ac
ia
l
la
ke
de
po
si
ts
wi
th
mi
no
r
ar
ea
s
of
ti
ll
an
d
gl
ac
io
fl
uv
ia
l
ma
te
ri
al
s.
Th
e
di
st
ri
bu
ti
on
of
su
rf
ic
ia
l
de
po
si
ts
,
ad
ap
te
d
fr
om
a
ma
p
by
Va
gn
er
s
(1
97
2)
,
is
sh
ow
n
in
Fi
gu
re
2
wh
ic
h
in
di
ca
te
s
th
at
th
e
de
ta
il
ed
st
ud
y
ar
ea
ha
s
de
po
si
ts
of
gl
ac
io
la
cu
st
ri
ne
gr
av
el
an
d
sa
nd
.
On
th
e
we
st
er
n
ed
ge
of
th
e
st
ud
y
ar
ea
th
er
e
ar
e
gr
av
el
pi
ts
,
so
me
of
wh
ic
h
ar
e
bei
ng
act
ive
ly
min
ed.
Sta
ndi
ng
wat
er
is
pre
sen
t
in
the
pit
s
eve
n
dur
ing
relatively dry periods during the summer.
Th
e
po
rt
io
n
of
th
e
ba
si
n
ea
st
of
th
e
de
ta
il
ed
st
ud
y
ar
ea
ha
s
pr
ed
om
in
an
tl
y
me
di
um
an
d
fi
ne
sa
nd
wi
th
pa
tc
he
s
of
si
lt
,
cl
ay
an
d
gl
ac
ia
l
til
l.
The
geo
log
ic
con
dit
ion
s
in
the
det
ail
ed
stu
dy
are
a
are
the
ref
ore
not
rep
res
ent
ati
ve
of
the
wat
ers
hed
.
The
are
a w
as
sel
ect
ed
bec
aus
e
an
in
it
ia
l
ap
pr
ai
sa
l
of
th
e
su
bs
ur
fa
ce
co
nd
it
io
ns
in
di
ca
te
d
th
at
th
e
deg
ree
of
gro
und
wat
er
con
tam
ina
tio
n f
rom
agr
icu
ltu
ral
sou
rce
s i
n t
he
are
a w
oul
d p
rob
abl
y b
e r
ela
tiv
ely
hig
h a
nd
tha
t t
he
rat
es
of
con
tam
ina
nt
mi
gr
at
io
n
th
ro
ug
h
th
e
gr
ou
nd
wa
te
r
zo
ne
in
to
Hi
ll
ma
n
Cr
ee
k
wo
ul
d
be
ra
pi
d.
The
Qua
ter
nar
y d
epo
sit
s i
n t
he
Hil
lma
n C
ree
k w
ate
rsh
ed
var
y f
rom
36
to
55
met
res
in
thi
ckn
ess
.
The
y o
ver
lie
the
Dun
dee
For
mat
ion
of
Mid
dle
Dev
oni
an
age
(Ge
olo
gic
al
Sur
vey
of
Can
ada
,
196
9).
Far
ms
in
the
bas
in
obt
ain
the
ir
wat
er
sup
ply
fro
m g
rou
ndw
ate
r.
Wel
ls
are
loc
ate
d
in
the
sur
fic
ial
san
d a
nd
gra
vel
, i
n s
and
and
gra
vel
loc
ate
d b
etw
een
til
l d
epo
sit
s
at
gre
ate
r d
ept
h,
and
in
the
upp
er
par
t o
f t
he
bed
roc
k
(On
tar
io
Wat
er
Res
our
ces
Com
mis
sio
n 1
971
).
Con
tam
ina
tio
n o
f g
rou
nd-
wat
er
fro
m a
gri
cul
tur
al
sou
rce
s
can
be
exp
ect
ed
to
mai
nly
aff
ect
wel
ls
in the shallow sand and gravel aquifers.
The
det
ail
ed
stu
dy
are
a i
ncl
ude
s t
he
ups
tre
am
par
t o
f H
ill
man
Cre
ek
and
sha
llo
w d
rai
nag
e d
itc
hes
tha
t f
eed
Hil
lma
n C
ree
k.
Dra
ina
ge
tiles cross parts of the area. Irrigation from dug-out ponds that
int
ers
ect
the
wat
er
tab
le
is
com
mon
pra
cti
ce.
Man
y o
f t
he
pon
ds
are
located near Hillman Creek.
2.3 Soils and Land Use.
Acc
ord
ing
to
Ric
har
ds
et
al.
(19
49)
the
det
ail
ed
stu
dy
are
a i
n t
he
Hil
lma
n C
ree
k w
ate
rsh
ed
has
two
mai
n s
oil
typ
es
(1)
the
Fox
San
dy
Loa
m
and
(2)
the
Berr
ien
Sand
y Lo
am,
with
a mi
nor
area
of m
uck.
The
Fox
loa
m i
s d
esc
rib
ed
by
Ric
har
ds
et
a1.
as
"li
ght
bro
wn,
yel
low
san
dy
loa
m
or s
and
over
redd
ish
brow
n lo
am,
then
stra
tifi
ed s
and
or g
rave
l".
The
Berr
ien
Sand
y Lo
am i
s de
scri
bed
as "
brow
n sa
ndy
loam
over
yell
ow a
nd
the
n m
ott
led
san
d w
ith
cla
y a
t a
bou
t 3
to
6 f
eet
".
The
Fox
San
dy
Loa
m
is d
escr
ibed
as b
eing
well
drai
ned,
wher
eas
the
Berr
ien
Sand
Loam
has
fai
r t
o p
oor
dra
ina
ge.
Our
inv
est
iga
tio
ns
of
the
par
ent
mat
eri
al
usi
ng
dril
ling
equi
pmen
t su
gges
ts
that
most
of t
he d
etai
led
stud
y ar
ea f
its
the
Fox
Sand
y Lo
am d
escr
ipti
on a
nd t
hat
the
area
cove
red
by B
erri
en
San
dy
Loa
m i
s m
uch
sma
lle
r t
han
tha
t s
how
n b
y R
ich
ard
s e
t a
l.
on
the
ir
194
9 s
oil
s m
ap
of
Ess
ex
cou
nty
.
Con
sid
eri
ng
the
who
le
wat
ers
hed
, h
owe
ver
,
 
 Be
rr
ie
n
Sa
nd
y
Lo
am
is
by
fa
r
th
e
mo
st
co
mm
on
so
il
.
Ex
ce
pt
fo
r
ab
ou
t
14
he
ct
ar
es
of
de
ns
e
fo
re
st
,
th
e
la
nd
in
th
e
de
ta
il
ed
st
ud
y
ar
ea
is
us
ed
fo
r
ag
ri
cu
lt
ur
e.
Th
e
ma
jo
r
cr
op
s
gr
ow
n
ar
e
po
ta
to
es
,
to
ma
to
es
,
an
d
to
ba
cc
o.
Mi
no
r
cr
op
s
in
cl
ud
e
pe
pp
er
s,
sq
ua
sh
,
ca
nt
al
ou
pe
,
co
rn
,
sm
al
l
gr
ai
ns
,
pe
ac
he
s,
an
d
ap
pl
es
.
 3. METHODS OF INVESTIGATION
3.1 Instrumentation
3.l.l Geologic Test Drilling
Geologic test drilling was begun in the study area of the
Hillman Creek basin in May, 1975. The purpose of this drilling Was
to define the stratigraphy of the upper 20 meters of the Quaternary
deposits and to obtain samples of the deposits for textural analysis.
The drilling was done using the University of Waterloo truck‘mounted
drill (CME Model 55) equipped withhollow stem augers. The augers
are 16.8 cm in outside diameter with a hollow annulus of 8.3 cm.
Subsequent to the initial drilling programme in May, 1975, two additional
periods of drilling were scheduled in August 1975 and July 1976.
A total of 58 sites were drilled in the study area during the 1975-
1976 field seasons. Observation wells were installed in all of the
test holes as well as in additional holes at each site. This aspect
of the investigation is discussed below. The locations of the test
sites are shown in Figure 3. The test hole at each site was drilled
through deposits of sand and/or gravel into the underlying glacio—
lacustrine silty clay or clay. The deepest hole was drilledat site
H26 to a depth of 17 m. The other holes ranged from a depth of 1.5 m
to 15 m. During drilling samples were collected through the auger
annulus using split-spoon sample tubes.
3.1.2 Installation of Observation Well Network
At each test hole site observation wells were installed in the
sand and/or gravel and in the upper part of the clay deposit underlying
the sandy aquifer. The observation wells were constructed of P.V-C-
 8
pl
as
ti
c
pi
pe
of
3.
18
cm
in
si
de
di
am
et
er
.
Th
e
in
ta
ke
zo
ne
s
of
th
e
we
ll
s
co
ns
is
te
d
of
a
sl
ot
te
d
le
ng
th
at
th
e
bo
tt
om
wr
ap
pe
d
wi
th
po
ro
us
fi
be
rg
la
ss
cl
ot
h.
Th
e
an
nu
lu
s
at
th
e
bo
tt
om
of
th
e
pi
pe
wa
s
Cl
os
ed
wi
th
a
P.
V.
C.
ca
p.
Th
e
fi
be
rg
la
ss
-c
lo
th
co
ve
re
d
sl
ot
te
d
zo
ne
is
re
fe
rr
ed
to
as
th
e
in
ta
ke
zo
ne
of
th
e
we
ll
.
Th
e
pi
pe
s
we
re
in
st
al
le
d
at
th
e
de
si
re
d
de
pt
hs
by
wa
y
of
th
e
ho
ll
ow
an
nu
lu
s
in
th
e
au
ge
rs
.
Wh
en
th
e
au
ge
rs
we
re
re
mo
ve
d
fr
om
th
e
sa
nd
,
th
e
sa
nd
im
me
di
at
el
y
ca
ve
d
in
ar
ou
nd
the
pi
pe
th
er
eb
y
pr
ev
en
ti
ng
fr
ee
ci
rc
ul
at
io
n
of
gr
ou
nd
wa
te
r
ve
rt
ic
al
ly
al
on
g
th
e
ou
ts
id
e
of
the
wel
l p
ipe
.
Dur
ing
aug
eri
ng
of
the
hol
es
for
wel
l
ins
tal
lat
ion
,
th
e
an
nu
lu
s
at
th
e
bo
tt
om
of
th
e
au
ge
r
wa
s
pl
ug
ge
d
wi
th
a
ru
bb
er
st
op
pe
r
to
pr
eV
en
t
sa
nd
an
d
wa
te
r
fr
om
mo
vi
ng
up
th
e
an
nu
lu
s.
Th
e
we
ll
s
we
re
gen
era
lly
ins
tal
led
wit
hou
t
use
of
for
eig
n w
ate
r
dur
ing
dri
lli
ng,
exc
ept
for
a
few
cas
es
whe
re
san
d
plu
ggi
ng
of
the
aug
ers
req
uir
ed
flu
shi
ng
of
wat
er
fro
m t
he
dri
ll
rig
wat
er
tan
k t
o c
lea
n t
he
ann
ulu
s.
Wel
ls
in
the
cla
y w
ere
ins
tal
led
wit
h
san
d p
ack
s a
rou
nd
the
wel
l
int
ake
zon
es
and
wit
h b
ent
oni
te
sea
ls
abo
vei
the
san
d p
ack
s.
Bot
h t
he
san
d a
nd
the
ben
ton
ite
chi
ps
wer
e p
our
ed
dow
n t
he
aug
er
ann
ulu
s a
fte
r
the pipe was lowered to the bottom of the hole.
Well
s wi
th t
hree
diff
eren
t le
ngth
s of
inta
ke
zone
were
inst
alle
d:
(1)
Wel
ls
wit
h 3
0 c
m i
nta
ke
zon
es,
(2)
wel
ls
wit
h 6
0 c
m i
nta
ke
zon
es
and
(3) wells with 1.5 m intake zones. The large intake zone wells were
installed in the zone of anticipated water—table fluctuations and are
refe
rred
to a
s wa
ter—
tabl
e we
lls.
Thes
e we
lls
are
usef
ul
for
wate
r-
table monitoring, but do not give very depth-specific data when used
for chemical or isotopic sampling.
At each groundwater monitoring site, a cluster (or group) of wells
referred to as a well nest was installed. The wells within a nest were
9ter
min
ate
d
at
dif
fer
ent
dep
ths
so
tha
t v
ert
ica
l
dis
tri
but
ion
s
of
hyd
rau
lic
hea
d
and
che
mic
al
and
iso
top
ic
par
ame
ter
s
cou
ld
be
mon
ito
red
.
For
ty_
thr
ee
nes
ts
con
sis
t
onl
y
of
a w
ate
r—t
abl
e
wel
l
and
a d
eep
wel
l.
Fif
tee
n
nes
ts
hav
e
bet
wee
n
six
and
twe
lve
wel
ls
and
are
ref
err
ed
to
as
det
ail
ed
obs
erv
ati
on
sit
es.
The
ind
ivi
dua
l w
ell
s
at
eac
h n
est
wer
e
gen
era
lly
bet
wee
n 0
.5
and
l m
apa
rt
and
wer
e u
sua
lly
arr
ang
ed
in
row
s.
A t
ota
l
of
163
obs
erv
ati
on
wel
ls
wer
e i
nst
all
ed
wit
h 1
51
in
the
san
d a
nd
gra
vel
and
12
in
the
und
erl
yin
g
gla
cio
lac
ust
rin
e
cla
y.
Two 10.16 cm I.D. water-table observation wells were installed
at t
he l
ocat
ions
show
n in
Figu
re
3 an
d we
re e
quip
ped
with
Stev
ens
Auto
mati
c
Wat
er—
lev
el
Rec
ord
ers
.
The
int
ake
zon
es
of
the
wel
ls
wer
e m
ade
of
commercially available PVC well screens.
Sev
en
add
iti
ona
l w
ell
nes
ts
wer
e i
nst
all
ed
at
are
as
ina
cce
ssi
ble
to
the
dri
ll
rig
by
dri
vin
g s
tee
l p
iez
ome
ter
s i
nto
the
gro
und
.
The
se
nes
ts
wer
e l
oca
ted
in
the
imm
edi
ate
vic
ini
ty
of
Hil
lma
n C
ree
k a
s s
how
n
in
Fig
ure
3 a
nd
wer
e i
nst
all
ed
wit
h t
he
aid
of
an
Atl
as
Cop
co
vib
rat
ing
ham
mer
.
Eac
h n
est
con
tai
ned
thr
ee
pie
zom
ete
rs
ter
min
ate
d a
t d
iff
ere
nt
dept
hs.
The
piez
omet
ers
were
cons
truc
ted
usin
g 2.
54 c
m I.
D. s
teel
pipe. The intake portion of the pipes were made from 15 cm x 2.54 cm
I.D. steel nipples. These nipples were perforated with approximately
250-
(115
cm d
iame
ter
hole
s an
d th
e bo
ttom
of t
he n
ippl
es w
ere
fitt
ed
with steel drive points.
 
110.
2 cm
PVC
driv
e po
int
with
a #1
0 sl
ot,
Gato
r Pl
asti
cs
Inc.
, Bo
x 15
020
Broadview Station, Baton Rouge, La., USA.
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3.
1.
3
We
ir
an
d
St
ag
e
Re
co
rd
er
In
or
de
r
to
ob
ta
in
a
co
nt
in
uo
us
re
co
rd
of
st
re
am
di
sc
ha
rg
e,
a
we
ir
wa
s
in
st
al
le
d
in
Hi
ll
ma
n
Cr
ee
k
im
me
di
at
el
y
do
wn
st
re
am
fr
om
the
st
ud
y
ar
ea
in
Ap
ri
l,
19
76
.
Th
e
lo
ca
ti
on
of
the
We
ir
is
sh
ow
n
in
Fig
ure
3.
It
con
sis
ted
of
a s
eri
es
of
int
erl
ock
ing
ste
el
she
ets
dri
ven
int
o t
he
str
eam
bed
.
A s
til
lin
g w
ell
equ
ipp
ed
wit
h a
Ste
ven
s
Automatic Water—level recorder was installed immediately upstream of
the weir. A rating curve for the weir was established using an Ott
flow meter and the method for shallow streams described by Linsley
et al.(l958).
3.1.4 Instrumentation in the Unsaturated Zone
Since water in the saturated zone moves horizontally or vertically,
the concentration of contaminants in the groundwater cannot be unequivocally
related to the land use activity directlyabove the sampling point. As
a consequence, measurement devices were installed in the unsaturated
zone. The principal objectives of these devices were to determine
the rate at which nitrate was being transported to the groundwater
under various land uses and to determine temporal variations in the
nitrate flux to the groundwater.
Each of three plots was instrumented with soil moisture samplers
(suction lysimeters), tensiometers, soil moisture cells and a neutron
access tube. In addition, a piezometer nest and a rain gauge were
installed at each site. The experimental plots were located in a
peach orchard, a late potato field and a wooded area. (Figure 3)-
The tensiometers were installed to give temporal and spatial
measures of the variation in hydraulic head. They were constructed of
2.54 cm O.D.ceramic cups 7.6 cm long connected to a mercury nanometer-
The soil moisture cells and neutron access tube were installed to
give measures of the variation in soil moisture content. The moisture
ll
cel
ls
wer
e
rea
d w
ith
a S
oil
tes
t
MC—
3OO
A
Moi
stu
re
Met
er.
Wat
er
sam
ple
s
in
the
uns
atu
rat
ed
zon
e w
ere
obt
ain
ed
usi
ng
Soi
lte
st
Inc
.
Mod
el
A—l
47
soi
l m
ois
tur
e
sam
ple
rs.
The
y
con
sis
t o
f
5
cm
dia
met
er
and
7 c
m l
ong
cer
ami
c c
ups
con
nec
ted
to
5 c
m d
iam
ete
r ?
.V.
C.
tub
ing
.
Wat
er
sam
ple
s
can
be
obt
ain
ed
by
app
lyi
ng
a v
acu
um
to
the
sam
ple
r,
pro
vid
ed
the
soi
l
is
not
too
dry
.
In
san
dy
soi
ls
sam
ple
s
can
nor
mal
ly
be
obt
ain
ed
pro
vid
ed
the
vol
ume
tri
c w
ate
r c
ont
ent
is
in
exc
ess
of
5%
to
10%.
The
samp
ling
inte
rval
for
all
inst
rume
nts
was
appr
oxim
atel
y 30
cm,
from
the
soil
surf
ace
to t
he w
ater
tabl
e.
A li
st o
f th
e in
stru
ment
s
inst
alle
d at
each
plot
is g
iven
in T
able
l an
d th
e ar
rang
emen
t of
the
instruments is shown in Figure 4. The instrumentation was installed
in
Jun
e,
197
6 a
nd
was
sam
ple
d p
eri
odi
cal
ly
thr
oug
h O
cto
ber
197
6.
3.1.5 Seepage Meters
See
pag
e m
ete
rs
can
be
use
d t
o o
bta
in
a d
ire
ct
but
loc
al
mea
sur
e
of t
he r
ate
of g
roun
dwat
er d
isch
arge
to a
body
of s
urfa
ce w
ater
and
can also be used to obtain samples of the discharging groundwater for
chemical analysis. The construction and use of seepage meters is
described by Lee (1977).
Seventy—three seepage measurement sites were established in the
Hillman Creek stream bed and the gravel pit ponds (Figures 5 and 6).
Measurements were made using between 6 and 10 seepage meters. After
reproducible seepage values were made with a meter at one location
it was removed and reinstalled at another location. Seepage meters
installed for the additional purpose of sampling groundwater discharge
for
chem
ical
anal
ysis
were
not
samp
led
for
a pe
riod
of t
hree
week
s a
fter
installation. This allowed time for water trapped in the seepage meter and
wate
r wh
ich
coul
d ha
ve b
een
forc
ed i
nto
the
sedi
ment
s d
urin
g in
stal
lati
on
to escape.
  
 3.1.6 Rain Gauges
Fo
ur
ra
in
ga
ug
es
we
re
in
st
al
le
d
at
gr
ou
nd
le
ve
l
wi
th
in
th
e
st
ud
y
ar
ea
.
Th
re
e
we
re
lo
ca
te
d
at
th
e
un
sa
tu
ra
te
d
zo
ne
st
ud
y
si
te
s
wh
il
e
th
e
fo
ur
th
wa
s
lo
ca
te
d
in
an
ap
pl
e
or
ch
ar
d.
Th
e
lo
ca
ti
on
s
ar
e
sh
ow
n
in
Fi
gu
re
3.
A
co
nt
in
uo
us
re
co
rd
of
pr
ec
ip
it
at
io
n
wa
s
ob
ta
in
ed
fr
om
a
rec
ord
ing
rai
n g
aug
e l
oca
ted
wit
hin
the
Hil
lma
n C
ree
k b
asi
n,
but
app
rox
ima
tel
y 3
km
fro
m t
he
stu
dy
are
a.
Thi
s r
ain
gau
ge
was
ins
tal
led
and
mon
ito
red
by
Dr.
M.
San
der
son
of
the
Dep
art
men
t o
f G
eog
rap
hy
at
the University of Windsor.
3.2 Surveying and Monitoring of Observation Wells
All piezometer elevations were measured from the top of the
unca
pped
piez
omet
ers.
Grou
nd e
leva
tion
s at
deta
iled
obse
rvat
ion
site
s
were taken between the two middle piezometers. In the case of a shallow
water-table observation well and a deep piezometer, the ground elevation
was taken between the two pipes.
An initial level survey was done in 1975 using a dumpy leVel.
In 1976 the study area was resurveyed using an automatic level. The
resurveying wasundertaken to correct for settlement or heaving of the
piezometers during the winter and spring months as well as to determine
the elevation of piezometers installed during the 1976 field season.
All circuits were tied into a local bench mark in the vicinity of H1.
In 1975 this local bench mark was tied into a bench mark referenced
from geodetic sea level located approximately 2 km east of H1. The
poorest closure in 1976 was 0.0076 m. All elevations were adjusted to
compensate for errors in closure.
Water levels in the piezometers and water-table observation
wells were measured routinely after their installation. The water
13
leve
l me
asur
emen
ts t
aken
prio
r to
Augu
st
6, 1
975
were
made
usin
g an
electrical contact tape graduated in feet. Electric tapes graduated
in metres and centimeters were used after August 6, 1975. The accuracy
of these tapes is in the order of :_0.25 cm.
3.3 Hydraulic Conductivity Tests
The hydraulic conductivity of each stratigraphic unit is required
as input to the numerical transport model. In addition these values are
required in order to calculate fluxes and residence times of the water
and/or nitrate in the groundwater flow system.
It was concluded from the lack of grain orientation and micro-
stratigraphy found in the split spoon samples, that the sands could be
considered isotropic. In June 1976, slug tests were performed on 101
piezometers. Sites were selected to give a large number of measurements
in each stratigraphic unit. The slug tests were performed by lowering
an aluminum rod below the static water level in the piezometers. The
time of maximum water displacement was taken as time zero. The subsequent
fall in the water level was recorded using an electric water-level
tape and the time was recorded using a stop watch.
All data was analyzed using the variable—head method of
Hvorslev (1951). Knowing the volume of the aluminum rod and the inside
diameter of the PVC pipe the instantaneous head at time zero was
calculated for four different time increments.
Slug tests give a measure of the hydraulic conductivity in the
immediate vicinity of the well screen. However, by taking a large number
of measurements within a particular hydrostratigraphic unit, the
variability in the conductivity of the unit can be estimated, and a
reasonably representative value assigned.
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3.4 Stream Bed Sampling
Th
e
se
ep
ag
e
me
te
r
re
su
lt
s,
as
wi
ll
be
di
sc
us
se
d
in
a
la
te
r
se
ct
io
n,
sh
ow
ed
a
hi
gh
de
gr
ee
of
va
ri
ab
il
it
y
al
on
g
th
e
re
ac
h
of
st
re
am
lo
ca
te
d
wi
th
in
th
e
st
ud
y
ar
ea
.
In
an
at
te
mp
t
to
ex
pl
ai
n
th
is
va
ri
ab
il
it
y
and
to
obt
ain
fur
the
r
evi
den
ce
con
cer
nin
g
the
are
as
of
gre
ate
st
gro
und
wat
er
dis
cha
rge
,
the
sha
llo
w s
tra
tig
rap
hy
alo
ng
the
str
eam
was
det
erm
ine
d.
The
str
eam
bed
was
sam
ple
d i
n J
uly
, 1
976
usi
ng
a s
oil
pro
be
whi
ch
all
owe
d s
amp
lin
g t
o a
dep
th
of
0.9
m b
elo
w t
he
str
eam
bed
.
3.5 Water Sampling
Wat
er
sam
ple
s w
ere
col
lec
ted
fro
m t
he
obs
erv
ati
on
wel
l n
etw
ork
on
15
occ
asi
ons
dur
ing
the
spr
ing
, s
umm
er
and
fal
l o
f 1
975
and
197
6 a
nd
the
late
wint
er a
nd s
prin
g of
1977
.
The
samp
ling
inte
rval
was
appr
oxim
atel
y
every month during the growing season. The latest sampling date was
Nov.
l3
(197
5) a
nd t
he e
arli
est
samp
ling
date
was
Mar-
(197
7).
Thus
ther
e
is a period of approximately three months during the winter season for
which there is no record.
Water samples were collected from the observation wells using
a hand-operatedvacuumpump connected to a vacuum flask. Tygon tubing
extended fromthe flask, down the well to the intake zone. The sampling
equipment was thoroughly rinsed with water from the well before the
sample was taken. Normally the wells were pumpedout a few hours prior
to sampling in order to insure that the sample represented fresh
formation water.
As part of the routine water sampling programme, samples were
collected from surface ponds, gravel quarry ponds, drainage tiles and
at sites along the stream. In addition to giving the general nitrate
levels in surface waters of the study area, the stream samples were
15
par
tic
ula
rly
imp
ort
ant
sin
ce
the
nit
rat
e c
onc
ent
rat
ion
in
the
str
eam
com
bin
ed
wit
h t
he
str
eam
dis
cha
rge
mea
sur
ed
at
the
wei
r w
oul
d g
ive
a
meas
ure
of t
he a
moun
t of
nitr
ate
bein
g tr
ansp
orte
d ou
t of
the
stud
y ar
ea.
Sam
ple
s w
ere
col
lec
ted
for
met
han
e a
nal
ysi
s.
In
ord
er
to
avo
id
dega
ssin
g an
d lo
ss o
f th
e me
than
e du
ring
samp
ling
, t
he s
ampl
es w
ere
coll
ecte
d in
syri
nges
whic
h we
re‘f
itte
d to
the
outl
et o
f a
peri
stal
tic
pump. The syringes were then sealed by inserting the needle into a
rubber stopper.
Sel
ect
ed
obs
erv
ati
on
wel
ls
and
sur
fac
e w
ate
r s
amp
lin
g s
ite
s w
ere
sampled for phOSphate analysis. These samples were field—filtered
through .45u, Gelman Acropore filter paper.
3.6 Laboratory Chemical Analyses
All samples collected from the observation well network and from
the surface water sampling sites were sent to the Soils Research Institute
in Ottawa for N03_ and NH4+ analysis. The samples were shipped in
coolers with freezer packs to maintain the samples at cool temperatures.
They were shipped by air express and generally arrived at the Soils
Research Institute within two or three days of sampling.
Major cation analysis (CATI, Mg++, Na+, Kf) were done on samples
collected on four sampling occasions, Nam 13, 1975 and Man 24, Apn 26
and Aug.10, 1976. The analyses were performed in the Department of
Earth Sciences at the University of Waterloo using a Perkin-Elmer 305
atomic absorption/flame emission spectrophotometer. No preservative
was added to the sample in the field, however all samples were filtered
through Whatman #41 filter paper in the lab prior to analysis.
Specific conductance was measured in the laboratory on the samples
collected for major cation analysis. A Radiometer type CDMZE meter
and a Radiometer Copenhagen CDC104 conductivity cell were used. The
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m
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e
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w
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a
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a
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w
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p
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e
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e
p
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d
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ur
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Sc
ie
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el
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sa
mp
le
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19
75
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.
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e
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e
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h
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e
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ro
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Th
e
me
th
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fi
ed
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Fr
it
z
an
d
Ba
rk
er
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6)
fr
om
th
e
pr
oc
ed
ur
e
de
sc
ri
be
db
y
St
ai
nt
on
(1
97
5)
.
3.
7
Fi
el
d
Ge
oc
he
mi
ca
l
An
al
ys
es
On
ce
gr
ou
nd
wa
te
r
is
re
mo
ve
d
fr
om
it
s
na
tu
ra
l
en
vi
ro
nm
en
t,
ma
ny
pa
ra
me
te
rs
su
ch
as
te
mp
er
at
ur
e,
di
ss
ol
ve
d
ox
yg
en
,
pH
an
d
Eh
ca
n
ch
an
ge
ra
pi
dl
y
wi
th
ti
me
.
As
a
re
su
lt
,
th
es
e
pa
ra
me
te
rs
ca
n
be
de
te
rm
in
ed
mos
t
app
rop
ria
tel
y
usi
ng
fie
ld
geo
che
mic
al
met
hod
s.
Eh
,
pH
Ia
nd
sp
ec
if
ic
co
nd
uc
ta
nc
é
we
re
me
as
ur
ed
at
gr
ou
nd
su
rf
ac
e
us
in
g
el
ec
tr
od
es
wh
ic
h
we
re
in
se
rt
ed
in
to
an
ai
r—
ti
gh
t p
ex
ig
la
ss
bO
X-
A p
eri
sta
lti
c p
ump
was
use
d
to
pum
p w
ate
r
fro
m t
he
obs
erv
ati
on
wel
l
thr
oug
h
the
ple
xig
las
s
box
.
Whe
n
the
ins
tru
men
ts
had
sta
bil
ize
d,
the
pum
p w
as
shu
t o
ff
in
ord
er
to
avo
id
str
eam
ing
pot
ent
ial
s,
and
the
rea
din
gs
taken.
 
  
Eh. measurements were made using a Radiometer Copenhagen PHM53
spec
ific
ion
mete
r,a
calo
mel
refe
renc
e el
ectr
ode
(Rad
iome
ter
Cope
n—
hage
n K4
01)
and
a pl
atin
um i
nert
elec
trod
e (
Radi
omet
er C
open
hage
n Pl
Ol).
pH measurements were made using the same meter and a Radiometer com—
bination electrode.
Spec
ific
cond
ucta
nce
was
meas
ured
by m
eans
of a
Barn
stea
d PM
7O C
B
specific conductance bridge with a Radiometer Copenhagen model CDClO4
conductivity cell (0.94 cell constant).
Temperature and dissolved oxygen were measured down—hole. A
YSI model 54 dissolved oxygen meter and down—hole oxygen/temperature
probe were used to measure dissolved oxygen. The probe was attached
to the inlet of a peristaltic pump. This provided for a constant flow
of water over the membrane and enabled one to obtain stable readings.
Initially, temperatures were measured using a Montodero Whitney TC-SA
down-hole thermometer. The results were in very good agreement with
those obtained from the dissolved oxygenprobe. As a result, subsequent
measurements were made using the dissolved oxygen probe only.
3.8 Isotope Studies
Two hundred and ninety samples were analyzed at the University of
Waterloo for their oxygen—l8 content. Sixty—five samples were analyzed
by R.M. Brown at the Chalk River Nuclear Laboratories of AECL for
deut
eriu
m co
ncen
trat
ion.
The
018
and
D—da
ta w
ere
used
to i
dent
ify
different sources of water in the groundwater flow system and as an
indicator of the degree of dispersive mixing taking place in the flow
system.
Forty samples from the observation well network were analyzed in
the Dept. of Earth Sciences for their tritium content. Since 1953
17
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ra
in
an
d
sn
ow
ha
s
co
nt
ai
ne
d
ap
pr
ec
ia
bl
e
tr
it
iu
m
co
nc
en
tr
at
io
ns
du
e
to
at
mo
sp
he
ri
c
co
nt
am
in
at
io
n
fr
om
th
er
mo
nu
cl
ea
r
bo
mb
te
st
in
g
by
th
e
Un
it
ed
St
at
es
an
d
the
So
vi
et
Un
io
n
th
at
oc
cu
rr
ed
ma
in
ly
du
ri
ng
th
e
per
iod
of
195
3
to
196
2.
The
pre
sen
ce
of
tri
tiu
m
in
gro
und
wat
er
at
con
cen
tra
tio
ns
abo
ve
sev
era
l
tri
tiu
m
uni
ts
(1
tri
tiu
m
uni
t
[TU
]
cor
res
pon
ds
to
a c
onc
ent
rat
ion
of
one
tri
tiu
m
ato
m p
er
101
8
ato
ms
of
hyd
rog
en)
ind
ica
tes
tha
t t
he
wat
er
ent
ere
d t
he
sub
sur
fac
e r
egi
me
som
e—
tim
e s
inc
e 1
953
, o
r t
hat
the
wat
er
has
mix
ed
wit
h s
ome
pos
t—1
953
wat
er.
In
som
e s
itu
ati
ons
the
con
cen
tra
tio
ns
of
tri
tiu
m i
n t
he
gro
und
wat
er
zon
e
can
be
use
d t
o d
ete
rmi
ne
eve
n m
ore
spe
cif
ica
lly
,
the
age
of
the
wat
er
within the post-1953 period.
3.9 Land Use and Point Source Survey
A s
urv
ey
was
tak
en
in
Nov
emb
er,
197
6 t
o d
ete
rmi
ne
the
cro
ps
gro
wn
on
eac
h f
iel
d i
n t
he
stu
dy
are
a d
uri
ng
the
197
5 a
nd
197
6 g
row
ing
seasons, and the rates of fertilizer application. Possible point sources
of
nit
rat
e c
ont
ami
nat
ion
wer
e i
den
tif
ied
fro
m c
onv
ers
ati
ons
wit
h f
arm
ers
and visually from air photos.
3.10 Digital Modeling of Flow and Solute Movements
One
of t
he o
bjec
tive
s of
the
simu
lati
on s
tudi
es w
as
to p
rovi
de a
mea
ns
of
int
egr
ati
ng
the
phy
sic
al
and
che
mic
al
fie
ld
dat
a a
nd
to
pro
vid
e
a m
ean
s o
f t
est
ing
the
hyp
oth
ese
s d
eve
lop
ed
on
the
bas
is
of
tha
t d
ata
.
A s
eco
nd
obj
ect
ive
was
to
dev
elo
p a
cal
ibr
ate
d m
ode
l w
hic
h c
oul
d b
e
used
as a
n ai
d in
extr
apol
atin
g th
e re
sult
s ob
tain
ed i
n th
e Hi
llma
n Cr
eek
study area to other areas.
The modeling activity began in the fall of 1975; however, the
results of greatest interest were obtained in the fall of 1976 when the
period of record was longer and much of the data from the 1976 study
19
period was available. Consequently, the discussion included in this
report will be limited to the 1976 activity.
In designing a digital model, the flow system is considered to
be a porous continuum within which flow andtransport are governed by
differential equations and boundary conditions. The basic differential
equation for saturated flow is of the form:
a (Ki. ah ) = s gg
3x. 3 3x. at (l)
1 J
where h is the hydraulic head, Kij is the hydraulic conductivity, and S
is t
he s
tora
tivi
ty.
Boun
dary
cond
itio
ns
are
in t
erms
of k
nown
head
or f
lux.
From
the
head
s,
grou
ndwa
ter
velo
citi
es
can
be c
alcu
late
d by
usin
g a
modification of the Darcy equation:
K.. 3h
Vi = - 11 (2)
6 ij
The differential equation for mass transport in its simplest
form is
3 (D.. SC ) - V. dc = 3c
Bxi 13 axj 8x at (3)
where c-is the concentration of the contaminant, Dij is the hydrodynamic
dispersion coefficient, and Vi is the pore water velocity. Boundary
conditions are in terms of a known concentration or mass influx.
The solution can be conVeniently formulated by means of the
finite element technique (Finder and Frind, 1972; Pinder, 1973; Pickens
and Lennox, 1976). The usual procedure is first to solve equation (1)
for head, then determine velocities from equation (2), then solve
equation (3) for concentration.
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simulations since it allowed for a much larger number of elements and
a reduced nodal spacing. This proved to be advantageous in that it
gave much better resolution in determining the hydraulic gradients.
Steady state flow conditions were assumed in the simulations and
the sensitivity of the calculated hydraulic head values to uncertainty
in the measured hydraulic conduCtivity values was determined. Velocities
and the time of travel along various flow lines were also calculated.
The solute transport model was used to show the effect of dispersion
on solute migration within the flow system.
Although the flow model was calibrated to the physical flow system,
the complexity in the nitrate distribution represented an insurmountable
difficulty in attempting to calibrate the solute transport model. As a
consequence, the second objective of the modeling activity, as stated
above, was notachieved. As a result of an early recognition of the
potential problem, a significant proportion of our effort was shifted
from the modeling activity no more detailed physical and chemical
studies than had been planned initially.
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a th
ickn
ess
of 0
.3 m
. A
thin
silt
y gr
avel
laye
r (<
0.l
m) w
as o
ften
found between the grey sand and clay.
The elevation of the surface of the clay unit is shown in Figure 10.
Gene
rall
y,
the
clay
surf
ace
is o
f lo
w re
lief
with
mino
r to
pogr
aphi
c
hig
hs
occ
urr
ing
to
the
wes
t a
nd
nor
the
ast
.
A s
hal
low
tro
ugh
ext
end
s
to the southeast between the highs.
An isopach map of the sand overlying the grey clay is shown in
Figure 11. It indicates that the greatest thickness of sand (11 m)
is at the gravel pit in the northwest with a thinning of the sand to
the west and a rapid thinning to the north.
All the sand units contain lenses of sand which are high in
organic matter. These lenses range in thickness from 0.003 m at H26
to 0.61 m at H25. The organic matter is probably of detrital origin,
deposited in the sediment by currents. The 0.61 m thick peat layer
was encountered at a depth of 1.8 m at H25 and is probably the result of
a shallow water bog.
At the western limit of the study area the sand units become
coarser and often contain gravel. In the past this has been mined at
the top of cross section A—A' and is presently being mined at the top
of crossisection B—B'.
Although no deep test holes were drilled a hole was drilled at
H26 to a depth of 16.8 m terminating 10 m below the surface of the grey
clay. In addition, stratigraphy can be determined from driller logs.
One such log, for a domestic well near piezometer nest H55, showed
an extensive clay unit from a depth of 7 m to 20.4 m. More sand
and gravel was found below the clay unit. This hole showed the
clay to contain occasional thin layers or lenses of sand and gravel.
The layers were generally less than 0.3 m thick.
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a means of mapping the three—dimensional distribution of hydraulic head
in the sand deposits andin.the upper part of the silty clay beneath
the sand. From these data estimates of the groundwater flow directions
can be made.
The hydraulic head values measured in 1976 are listed in Table 2.
This data indicates an average decline in the water table/of approximately
0.5 m between April and October. Figure 13 shows the change in the
water table elevation with time at selected points within the study area.
As a consequence of the spring thaw and early'spring rains, all wells
showed a maximum hydraulic head in April. (The maximum referred to
is for the April—October period. The water table elevations were
probably higher prior to the April 25 measurements.) All wells showed
a water level decline between April and June. This is probably the
result of a decrease in the recharge rate following the spring thaw so
that groundwater discharge exceeded recharge. During June the rate of
decline in the water table decreased (or reversed in some cases) in
response to increased rainfall during this period (see Figure 13). There
was a sharp decline in the water table during the summer months in
response to reduced precipitation and increased evapotranspiration.
During September and October the rate of decline was again reduced in
response to increased precipitation and reduced evapotranspirational
losses. Although the form of the response of all wells shown in Figure 13
is similar, the rates and magnitude of response can be quite different.
There is no obvious explanation for these differences but
they are believed to be the result of a variety of local factors such
as the depth to the water table, position relative to bodies of surface
water, local topographic features or the application of irrigation water.
Figures 14 and 15 show water—table contour maps for high water
\
table conditions (April 1976) and low water—table conditions (Oct. 1976).
 26
Th
e
wa
te
r-
ta
bl
e
co
nf
ig
ur
at
io
ns
ar
e
qu
it
e
si
mi
la
r
in
th
ei
r
ge
ne
ra
l
fo
rm
,
an
d
i
n
d
i
c
a
t
e
th
at
in
p
l
a
n
Vi
ew
,
an
d
o
ve
r
m
uc
h
of
th
e
s
t
ud
y
ar
ea
,
gr
ou
nd
wa
te
r
mo
ve
s
fr
om
th
e
we
st
an
d
no
rt
h—
we
st
to
wa
rd
s
th
e
so
ut
h
an
d
so
ut
h—
ea
st
,
di
sc
ha
rg
in
g
in
to
Hi
ll
ma
n
Cr
ee
k.
Ba
se
d
up
on
a
li
mi
te
d
nu
mb
er
of
sa
mp
li
ng
po
in
ts
on
th
e
so
ut
h
si
de
of
th
e
st
re
am
,
th
e
pr
im
ar
y
di
re
ct
io
n
of
fl
ow
ap
pe
ar
s
to
be
fr
om
we
st
to
ea
st
wi
th
a
si
gn
if
ic
an
t
co
mp
on
en
t
of
fl
ow
to
wa
rd
s
th
e
st
re
am
.
In
th
e
ex
tr
em
e
no
rt
he
rn
pa
rt
of
th
e
st
ud
y
ar
ea
,
gr
ou
nd
wa
te
r
fl
ow
is
to
th
e
no
rt
h.
Th
is
ap
pe
ar
s
to
be
mo
re
pr
o-
no
un
ce
d
un
de
r
lo
w
wa
te
r—
ta
bl
e
co
nd
it
io
ns
(F
ig
ur
e
15
)
th
an
un
de
r
hi
gh
wa
te
r
co
nd
it
io
ns
(F
ig
ur
e
14
).
Fr
om
th
e
hy
dr
au
li
c
he
ad
da
ta
,
th
er
e
ap
pe
ar
s
to
be
a
gr
ou
nd
wa
te
r
di
vi
de
ru
nn
in
g
in
an
ea
st
-w
es
t
di
re
ct
io
n
ju
st
to
th
e
so
ut
h
of
H3
4
an
d
H3
3
(F
ig
ur
e
3)
.
Wa
te
r
to
th
e
no
rt
h
of
th
is
li
ne
di
sc
ha
rg
es
in
a
no
rt
he
rl
y
di
re
ct
io
n
ou
t
of
th
e
st
ud
y
ar
ea
.
Gr
ou
nd
wa
te
r
to
th
e
so
ut
h
of
th
e
di
vi
de
di
sc
ha
rg
es
to
Hi
ll
ma
n
Cr
ee
k.
Fr
om
te
st
ho
le
s
lo
ca
te
d
ou
ts
id
e
of
th
e
st
ud
y
ar
ea
a
se
co
nd
gr
ou
nd
wa
te
r
di
vi
de
ru
nn
in
g
in
a
no
rt
h—
so
ut
h
di
re
ct
io
n
wa
s
lo
ca
te
d
ap
pr
ox
im
at
el
y
15
00
m
we
st
of
th
e
st
ud
y
ar
ea
.
As
a
co
ns
eq
ue
nc
e
of
th
e
lo
w
hy
dr
au
li
c
gr
ad
ie
nt
s,
it
is
di
ff
ic
ul
t
to
de
te
rm
in
e
th
e
ex
ac
t
lo
ca
ti
on
of
th
e
di
vi
de
s.
Ne
ve
rt
he
le
ss
,
th
e
po
si
ti
on
s
of
th
e
di
vi
de
s
do
no
t
ap
pe
ar
to
ch
an
ge
si
gn
if
ic
an
tl
y
as
th
e
wa
te
r
ta
bl
e
el
ev
at
io
n
fl
uc
tu
at
es
,
an
d
th
e
gr
ou
nd
—
wa
te
r
di
vi
de
s
te
nd
to
co
rr
es
po
nd
wi
th
th
e
to
po
gr
ap
hi
c
di
vi
de
s.
Th
e
ho
ri
zo
nt
al
hy
dr
au
li
c
gr
ad
ie
nt
s
ar
e
ap
pr
ox
im
at
el
y
1:
25
0
ov
er
mu
ch
of
th
e
st
ud
y
ar
ea
bu
t
ar
e
as
hi
gh
as
1:
10
0
in
so
me
re
gi
on
s
su
ch
as
th
e
discharge zone along the stream.
Fr
om
th
e
da
ta
li
st
ed
in
Ta
bl
e
2,
ve
rt
ic
al
hy
dr
au
li
c
gr
ad
ie
nt
s
wer
e c
alc
ula
ted
to
be
wit
hin
the
ran
ge
of
1:1
00
to
1:5
00.
Unc
ert
ain
ty
in
the
mea
sur
ed
hyd
rau
lic
hea
d
val
ues
res
ult
s
fro
m
unc
ert
ain
ty
in
the
 su
rv
ey
in
g,
po
ss
ib
le
se
tt
le
me
nt
of
the
we
ll
s
an
d
un
ce
rt
ai
nt
y
in
the
me
as
ur
em
en
ts
th
em
se
lv
es
.
Ha
vi
ng
ta
ke
n
gr
ea
t
ca
re
to
mi
ni
mi
ze
th
e
po
ss
ib
le
so
ur
ce
s
of
er
ro
r,
we
be
li
ev
e
th
e
hy
dr
au
li
c
he
ad
me
as
ur
em
en
ts
to
be
ac
cu
ra
te
wi
th
in
i
0.
5
cm
.
Th
is
un
ce
rt
ai
nt
y,
ap
pl
ie
d
ov
er
a
di
st
an
ce
of
3.
0
m,
th
e
ap
pr
ox
im
at
e
th
ic
kn
es
s
of
sa
tu
ra
te
d
sa
nd
gi
ve
s
an
un
ce
rt
ai
nt
y
in
th
e
ca
lc
ul
at
ed
hy
dr
au
li
c
gr
ad
ie
nt
of
:
1:
60
0,
wh
ic
h
is
co
mp
ar
ab
le
to
th
e
ca
lc
ul
at
ed
ve
rt
ic
al
gr
ad
ie
nt
s
an
d
ap
pr
ox
im
at
el
y
on
e
ha
lf
th
e
ho
ri
zo
nt
al
gr
ad
ie
nt
s.
As
a
re
su
lt
,
th
er
e
is
gr
ea
t
un
-
ce
rt
ai
nt
y
in
an
y
ca
lc
ul
at
ed
ve
rt
ic
al
hy
dr
au
li
c
gr
ad
ie
nt
s.
Th
e
gr
ea
te
st
si
ng
le
so
ur
ce
of
un
ce
rt
ai
nt
y
is
in
th
e
wa
te
r
le
ve
l
me
as
ur
em
en
t
ma
de
wi
th
the
el
ec
tr
ic
ta
pe
s
(i
_0
.2
5
cm)
.
We
wo
ul
d
ex
pe
ct
th
es
e
er
ro
rs
to
be
ra
nd
om
;
ho
we
ve
r,
th
e
gr
ad
ie
nt
s
ca
lc
ul
at
ed
fo
r
di
ff
er
en
t
ti
me
pe
ri
od
s
te
nd
to
be
co
ns
is
te
nt
su
gg
es
ti
ng
th
at
the
un
ce
rt
ai
nt
y
in
th
e
ca
lc
ul
at
ed
gra
die
nts
may
not
be
as
gre
at
as
ind
ica
ted
abo
ve.
Alt
hou
gh
the
mag
nit
ude
of
cal
cul
ate
d v
ert
ica
l g
rad
ien
ts
may
be
que
sti
one
d,
we
bel
iev
e
the
dat
a
to
be
suf
fic
ien
tly
acc
ura
te
to
ind
ica
te
whe
the
r
the
ver
tic
al
com
pon
ent
of
flo
w
is
dir
ect
ed
upw
ard
s
or
dow
nwa
rds
.
Fig
ure
s 1
6 a
nd
17
sho
w t
he
gen
era
liz
ed
flo
w d
ire
cti
ons
alo
ng
cro
ss-
sec
tio
ns
A—A
'
and
B—B
'
res
pec
tiv
ely
.
Bas
ed
upo
n
the
se
dia
gra
ms,
th
e
pr
im
ar
y
di
re
ct
io
n
of
fl
ow
ap
pe
ar
s
to
be
ho
ri
zo
nt
al
.
Cr
os
s
se
ct
io
n
A-A
'
app
ear
s
to
be
rec
har
ged
fro
m
the
gra
vel
pit
pon
ds
as
wel
l
as
fro
m
inf
ilt
rat
ion
res
ult
ing
fro
m p
rec
ipi
tat
ion
and
irr
iga
tio
n a
nd
pos
sib
ly
fro
m u
nde
rfl
ow
ben
eat
h t
he
gra
vel
pit
pon
ds.
The
wat
er
in
cro
ss
sec
tio
n A
rA'
dis
cha
rge
s t
o H
ill
man
Cre
ek.
Cro
ss
sec
tio
n B
-B'
app
ear
s
to
be
rec
har
ged
fro
m i
nfi
ltr
ati
on
and
als
o
fro
m t
he
gra
vel
pit
pon
ds.
Con
sid
eri
ng
the
unc
ert
ain
ty
in
the
ver
tic
al
gra
die
nts
as
dis
—
cuss
ed a
bove
, t
hese
diag
rams
must
be v
iewe
d as
bein
g so
mewh
at s
pecu
lati
be.
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M
u
c
h
o
f
t
h
e
H
i
l
l
m
a
n
C
r
e
e
k
w
a
t
e
r
s
h
e
d
is
t
i
l
e
d
r
a
i
n
e
d
;
c
o
n
s
e
q
u
e
n
t
l
y
,
on
e
wo
ul
d
an
ti
ci
pa
te
th
at
ti
le
dr
ai
ns
co
ul
d
ha
ve
a
si
gn
if
ic
an
t
ef
fe
ct
on
th
e
hy
dr
au
li
c
he
ad
di
st
ri
bu
ti
on
wi
th
in
th
e
st
ud
y
ar
ea
.
Ho
we
ve
r,
as
a
re
su
lt
of
th
e
go
od
dr
ai
na
ge
af
fo
rd
ed
by
th
e
sa
nd
y
so
il
s,
th
er
e
ar
e
re
la
ti
ve
ly
fe
w
ti
le
dr
ai
ns
pr
es
en
t
in
th
e
st
ud
y
ar
ea
.
Th
e
ap
pr
ox
im
at
e
lo
ca
ti
on
s
of
th
e
dr
ai
ns
we
re
de
te
rm
in
ed
fr
om
di
sc
us
si
on
s
wi
th
th
e
fa
rm
er
s
an
d
ar
e
sh
ow
n
in
Fi
gu
re
18
.
Fr
om
Fi
gu
re
s
14
to
17
,
th
er
e
is
no
ev
id
en
ce
th
at
th
e
ti
le
dr
ai
ns
ar
e
ha
vi
ng
a
ma
jo
r
ef
fe
ct
on
th
e
gr
ou
nd
wa
te
r
fl
ow
pa
tt
er
n.
It
mu
st
be
re
co
gn
iz
ed
ho
we
ve
r
th
at
th
e
ap
pa
re
nt
la
ck
of
ef
fe
ct
co
ul
d
be
th
e
re
su
lt
of
in
su
ff
ic
ie
nt
re
so
lu
ti
on
in
th
e
me
as
ur
em
en
t
network.
4.1.5 Hydraulic Conductivity
Th
e
re
su
lt
s
of
th
e
hy
dr
au
li
c
co
nd
uc
ti
vi
ty
te
st
s
ar
e
gi
ve
n
in
Ta
bl
es
3,
4
an
d
5.
Ta
bl
e
3
sh
ow
s
25
me
as
ur
em
en
ts
wi
th
in
th
e
re
dd
is
h
bro
wn
and
bro
wn
san
ds
to
hav
e
a m
ean
hyd
rau
lic
con
duc
tiv
ity
of
1.0
2
X
10
cm/
sec
.
The
ran
ge
in
the
val
ues
was
2.1
X 1
0—3
to
2.3
X 1
0-2
cm/
Sec
3
wi
th
a
st
an
da
rd
de
vi
at
io
n
of
5.
32
X
10
-
cm
/s
ec
.
Fo
rt
y—
th
re
e
me
as
ur
em
en
ts
in
th
e
gr
ey
sa
nd
(T
ab
le
4)
ha
d
a m
ea
n
va
lu
e
of
6.
14
X
10
-3
cm
/s
ec
,
a
st
an
da
rd
de
vi
at
io
n
of
3.
67
X
10
—3
an
d
ra
ng
ed
be
tw
ee
n
1.
9
X
10
-4
an
d
1.
6
X
10
—2
cm
/s
ec
.
Th
e
re
la
ti
ve
ly
lo
w
st
an
da
rd
de
vi
at
io
ns
su
gg
es
t
th
at
bot
h
the
bro
wn
and
the
gre
y
san
ds
are
qui
te
hom
oge
neo
us.
The
upp
er
bro
wn
san
d h
as
a h
ydr
aul
ic
con
duc
tiv
e
app
rox
ima
tel
y
twi
ce
as
gre
at
as
the
gre
y s
and
.
Thi
s w
ill
ten
d t
o m
ake
the
cir
cul
ati
on
of
gro
und
wat
er
in
the
upp
er
san
d m
ore
rap
id
tha
n i
n t
he
und
erl
yin
g g
rey
san
d.
Tab
le
5 s
how
s s
ix
val
ues
of
hyd
rau
lic
con
duc
tiv
ity
det
erm
ine
d
in
the
sil
ty
cla
y m
ate
ria
l b
ene
ath
the
san
d t
o h
ave
a m
ean
hyd
rau
lic
3
3
con
duc
tiv
ity
of
1.3
X 1
0—
and
the
val
ues
to
ran
ge
bet
wee
n 4
.4
X 1
0-
and
2.3
X 1
0—5
cm/
sec
.
Fro
m a
n e
xam
ina
tio
n o
f t
he
sil
ty
cla
y m
ate
ria
l
 
 — -7
va
lu
es
in
the
ra
ng
e
of
10
5
to
10
cm
/s
ec
se
em
mo
st
re
as
on
ab
le
.
We
be
li
ev
e
th
e
hi
gh
er
me
as
ur
ed
va
lu
es
to
be
the
re
su
lt
of
in
ad
eq
ua
te
sea
ls
abo
ve
the
int
ake
zon
e
of
the
wel
ls.
The
wel
ls
wou
ld
the
ref
ore
res
pon
d
to
the
hig
her
hyd
rau
lic
con
duc
tiv
ity
of
the
ove
rly
ing
san
d.
As
a
con
squ
enc
e
of
the
lar
ge
con
duc
tiv
ity
con
tra
st,
cir
cul
ati
on
of
gro
und
wat
er
thr
oug
h
the
sil
ty
cla
y w
oul
d
be
muc
h
muc
h s
low
er
tha
n
through the overlying sand.
4-2 Groundwater Age Indicated by Tritium
Tri
tiu
m
is
a r
adi
ois
oto
pe
of
hyd
rog
en
emi
tti
ng
low
ene
rgy
bet
a
rad
iat
ion
wit
h a
hal
f l
ife
of
12.
3 y
ear
s.
The
occ
urr
enc
e o
f t
rit
ium
in
the
hyd
rol
ogi
cal
cyc
le
ari
ses
fro
m b
oth
nat
ura
l a
nd
man
—ma
de
sou
rce
s.
The
nat
ura
l p
rod
uct
ion
of
tri
tiu
m r
esu
lts
fro
m i
nte
rac
tio
n o
f c
osm
ic
ray
—pr
odu
ced
neu
tro
ns
wit
h n
itr
oge
n i
n t
he
ear
th'
s a
tmo
sph
ere
.
Fro
m
nat
ura
l p
rod
uct
ion
of
tri
tiu
mxo
ne
wou
ld
exp
ect
the
tri
tiu
m l
eve
ls
of
rain and snow to be in the range of 5 to 10 T.U. (Payne 1972).
The first major source of man—made tritium was produced in the
eart
h's
atmo
sphe
re b
y te
sts
of t
herm
onuc
lear
devi
ces
star
ting
in 1
952,
followed by further tests in 1954 and 1958 with a final series of tests
in 1961 and 1962 before the moratorium on atmospheric testing. These
tests caused the tritium concentrations in rain and snow to rise
dramatically.
The longest continuous record of tritium precipitation values is
from a sampling station in Ottawa, Ontario (Payne 1972). Data from
this station can be used as a general indication of tritium trends
elsewhere in east central North America. At this site tritium values
rose to a peak of about 900 T.U. in 1954 with peaks of about 1400 and
1300
T.U.
in 1
958
and
1959
.
The
fina
l se
ries
of t
ests
in 1
961
and
1962
caused a precipitation peak of about 5500 T.U. in 1963. By 1967 the
30
an
nu
al
pe
ak
s
ha
d
fa
ll
en
be
lo
w
60
0
T.
U.
A
st
ro
ng
se
as
on
al
va
ri
at
io
n
of
tr
it
iu
m
co
nc
en
tr
at
io
ns
in
pr
ec
ip
it
at
io
n
is
ob
se
rv
ed
at
th
e
Ot
ta
wa
st
at
io
n
an
d
at
ot
he
r
co
nt
in
en
ta
l
st
at
io
ns
.
Th
e
ma
xi
mu
m
va
lu
es
oc
cu
r
in
la
te
sp
ri
ng
an
d
ea
rl
y
su
mm
er
an
d
mi
ni
mu
m
va
lu
es
in
wi
nt
er
.
In
19
68
th
e
tr
it
iu
m
vl
au
es
in
ra
in
an
d
sn
ow
at
Ot
ta
wa
fe
ll
be
lo
w
35
0
T.
U.
an
d
ha
ve
su
bs
eq
ue
nt
ly
ve
ry
gr
ad
ua
ll
y
de
cl
in
ed
fu
rt
he
r.
Ta
bl
e 6
li
st
s
th
e
mo
nt
hl
y
tr
it
iu
m
co
nc
en
tr
at
io
ns
in
ra
in
an
d
sn
ow
at
the
Ot
ta
wa
st
at
io
n
fo
r
th
e
ye
ar
s
19
73
,
19
74
,
an
d
th
e
fi
rs
t
3 m
on
th
s
of
19
75
.
Du
ri
ng
th
is
pe
ri
od
th
e
tr
it
iu
m
co
nc
en
tr
at
io
ns
we
re
in
th
e
ra
ng
e
of
41
to
13
7
T.
U.
As
a
re
su
lt
of
a
co
nt
in
ue
d
de
cl
in
e
in
th
e
tr
it
iu
m
co
nt
en
t
of
pr
ec
ip
it
at
io
n,
th
e
co
nc
en
tr
at
io
ns
in
ra
in
an
d
sn
ow
in
th
e
Hi
ll
ma
n
Cr
ee
k
ar
ea
ma
y
be
sl
ig
ht
ly
lo
we
r
th
an
th
e
Ot
ta
wa
va
lu
es
,
bu
t
pr
ob
ab
ly
by
le
ss
th
an
a
fa
ct
or
of
0.
25
.
Ta
bl
e
7
sh
ow
s
th
e
re
su
lt
s
of
tr
it
iu
m
an
al
ys
es
of
33
sa
mp
le
s
fr
om
obs
erv
ati
on
wel
ls
loc
ate
d
in
the
stu
dy
are
a
and
thr
ee
sur
fac
e w
ate
r
sam
ple
s.
The
wel
ls
rep
res
ent
ed
in
Tab
le
7 a
re
sca
tte
red
thr
oug
hou
t
the
stu
dy
are
a,
and
wit
h t
he
exc
ept
ion
of
H26
P26
,
are
loc
ate
d a
t v
ari
ous
dep
ths
in
the
sand
depo
sits
. W
ith
the
exce
ptio
n of
H26P
26 t
riti
um v
alue
s r
ange
betw
een
20
i 6
and
201
:_5
0 T
.U.
Sin
ce
all
the
wat
er
in
the
san
d c
ont
ain
s t
rit
ium
it
can
be
con
clu
ded
tha
t t
he
wat
er
ent
ere
d t
he
flo
w s
yst
em
aft
er
195
3.
H26
P26
was
loc
ate
d i
n t
he
sil
ty
cla
y u
nit
ben
eat
h t
he
san
d,
and
con
tai
ned
no
tri
tiu
m.
Thi
s i
ndi
cat
es
tha
t t
he
wat
er
at
thi
s p
oin
t e
nte
red
the
flo
w s
yst
em
pri
or
to
195
3 a
nd
fur
the
r s
ugg
est
s t
hat
the
rat
e o
f g
rou
nd-
wate
r mo
veme
nt i
n th
e cl
ay i
s mu
ch
lowe
r th
an i
n th
e ov
erly
ing
sand
.
Based upon Table 6 and the previous discussions, one could ant—
icip
ate
that
the
curr
ent
trit
ium
cont
ent
of p
reci
pita
tion
in t
he s
tudy
area would vary seasonally between approximately 30 and 100 T.U. 0f
the
samp
les
coll
ecte
d in
the
sand
, tw
o we
re b
elow
this
rang
e an
d 14
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wer
e
abo
ve.
Sin
ce
alm
ost
one
hal
f
the
sam
ple
s
wer
e
abo
ve
the
cur
ren
t
ant
ici
pat
ed
ran
ge,
it
is
pro
bab
le
tha
t m
uch
of
the
gro
und
wat
er
ent
ere
d
the
sys
tem
mor
e t
han
thr
ee
or
fou
r y
ear
s a
go.
Fur
the
rmo
re,
sin
ce
the
re
wer
e n
o p
art
icu
lar
ly
hig
h t
rit
ium
val
ues
,
the
re
was
no
evi
den
ce
of
the
pre
sen
ce
of
wat
er
fro
m
the
per
iod
of
196
3
0t
196
5,
whe
n
the
eff
ect
s
on
rai
n a
nd
sno
w f
rom
the
196
1—6
2 t
her
mon
ucl
ear
tes
ts
wer
e s
tro
ng.
The
tri
tiu
m c
onc
ent
rat
ion
s a
lon
g c
ros
s s
ect
ion
A-A
' a
re
sho
wn
in
Fig
ure
19.
In
the
int
erp
ret
ati
on
of
tri
tiu
m d
ata
one
mus
t c
ons
ide
r
the
yea
r—t
o—y
ear
var
iat
ion
in
the
tri
tiu
m
con
cen
tra
tio
n
of
the
pre
cip
ita
tio
n,
the
sea
son
al
var
iab
ili
ty,
the
eff
ect
of
mix
ing
wit
hin
the
aqu
ife
r a
s
wel
l a
s t
he
eff
ect
of
rad
ioa
cti
ve
dec
ay.
In
Vie
w o
f t
hes
e c
omp
lex
iti
es,
one
mus
t b
e w
ary
of
the
ove
r i
nte
rpr
eta
tio
n o
f s
par
se
and
sca
tte
red
dat
a.
Nev
ert
hel
ess
, i
n F
igu
re
19,
the
re
app
ear
s t
o b
e a
gen
era
l
inc
rea
se
in
the
tri
tiu
m c
onc
ent
rat
ion
wit
h d
ept
h s
ugg
est
ing
tha
t t
he
deeper water is somewhat older than the shallow water.
4.3 Source Areas Indicated by Oxygen—l8 and Deuterium
The three principal isotopic species of the water molecule are
6
18
0, HD1 0, and H2 0, where D represents deuterium. The abundant
1
molecule type is, of course, H2 60. The molecular HD160 and H2180 occur
16
H2
in much smaller concentrations in the various waters of the hydrologic
cycle. For example in sea water HD160 and H2180 occur in concentrations
of 320 and 2000 ppm respectively (Payne 1972). The isotope ratios D/H
and 80/160 can be measured in a mass spectrometer, with the results
normally expressed in delta units (per mille) with notation 61800/00,
GDO/oo based on the definition:
0 — _
6 /OO _ ((R Rstandard
)/R
standard) X 1000
 
 32
w
h
e
r
e
R
a
n
d
R
a
r
e
t
h
e
i
s
o
t
o
p
i
c
r
a
t
i
o
s
o
f
t
h
e
s
a
m
p
l
e
a
n
d
standard
s
t
a
n
d
a
r
d
r
e
s
p
e
c
t
i
v
e
l
y
.
I
n
h
y
d
r
o
l
o
g
y
t
h
e
r
e
f
e
r
e
n
c
e
s
t
a
n
d
a
r
d
to
w
h
i
c
h
i
s
o
t
o
p
e
r
a
t
i
o
s
a
r
e
u
s
u
a
l
l
y
r
e
f
e
r
r
e
d
is
S
t
a
n
d
a
r
d
M
e
a
n
O
c
e
a
n
W
a
t
e
r
r
e
p
r
e
s
e
n
t
e
d
b
y
th
e
a
b
b
r
e
vi
a
t
i
o
n
SM
OW
.
Th
is
s
t
a
n
d
a
r
d
is
a
cl
os
e
a
p
p
r
o
x
i
m
a
t
i
o
n
t
o
t
h
e
a
v
e
r
a
g
e
i
s
o
t
o
p
i
c
c
o
m
p
o
s
i
t
i
o
n
o
f
t
h
e
o
c
e
a
n
s
.
Tw
o
hu
nd
re
d
an
d
si
xt
y—
se
ve
n
sa
mp
le
s
of
gr
ou
nd
wa
te
r,
po
nd
wa
te
r,
st
re
am
wa
te
r,
an
d
ti
le
dr
ai
n
wa
te
r
fr
om
th
e
Hi
ll
ma
n
Cr
ee
k
wa
te
rs
he
d
ha
ve
be
en
an
al
yz
ed
fo
r
ox
yg
en
-1
8
co
nt
en
t.
Th
e
an
al
ys
es
we
re
do
ne
in
th
e
De
pa
rt
me
nt
of
Ea
rt
h
Sc
ie
nc
es
at
th
e
Un
iv
er
si
ty
of
Wa
te
rl
oo
.
Th
e
a
c
c
ur
a
c
y
of
m
e
a
s
u
r
e
m
e
n
t
a
s
s
o
c
i
a
t
e
d
w
i
t
h
th
es
e
a
n
a
l
ys
e
s
is
:
_
0
.
l
S
O
/
o
o
.
A
to
ta
l
of
62
sa
mp
le
s
we
re
an
al
yz
ed
fo
r
de
ut
er
iu
m
by
R.
M.
Br
ow
n
at
th
el
Ch
al
k
Ri
ve
r
Nu
cl
ea
r
La
bo
ra
to
ri
es
.
Th
e
ac
cu
ra
cy
of
me
as
ur
em
en
t
as
so
ci
at
ed
wi
th
th
es
e
an
al
ys
es
is
ap
pr
ox
im
at
el
y
:
1.
50
/0
0.
Th
e
re
su
lt
s
of
th
e
18
0
an
d
D
an
al
ys
es
ar
e
gi
ve
n
in
Ta
bl
es
8,
9,
an
d
10
.
Th
e
18
0
co
nc
en
tr
at
io
ns
in
th
e
gr
ou
nd
wa
te
r
ar
e
in
th
e
ra
ng
e
of
-5
.6
o/
oo
to
-l
3.
5°
/o
o,
an
d
D
co
nc
en
tr
at
io
ns
ar
e
in
th
e
ra
ng
e
of
—3
9
to
—7
50
/0
0.
Th
e
18
O
an
d
D
ra
ng
es
fo
r
th
e
su
rf
ac
e
sa
mp
le
s
ar
e
—3
.5
to
—8
.8
°/
oo
an
d
—3
.4
an
d
—6
l°
/o
o
re
sp
ec
ti
ve
ly
.
Th
es
e
va
ri
at
io
ns
ar
e
ve
ry
la
rg
e
co
mp
ar
ed
to
th
e
ac
cu
ra
ci
es
of
th
e
me
as
ur
em
en
ts
.
On
e
of
th
e
ma
in
ob
je
ct
iv
es
in
th
e
us
e
of
18
0
an
d
D
in
th
e
in
ve
st
i-
ga
ti
on
of
th
e
Hi
ll
ma
n
Cr
ee
k
wa
te
rs
he
d
is
to
di
st
in
gu
is
h
be
tw
ee
n
gr
ou
nd
-
wa
te
rs
fr
om
di
ff
er
en
t
so
ur
ce
s.
Th
e
wa
te
r—
ta
bl
e
ma
ps
sh
ow
in
Fi
gu
re
s
14
and
15
ind
ica
te
tha
t w
ate
r
mov
es
lat
era
lly
in
the
san
ds
fro
m t
he
wes
ter
n
par
t
of
the
stu
dy
are
a,
whe
re
pon
ds
in
gra
vel
qua
rri
es
are
com
mon
,
tow
ard
s
Hil
lma
n
Cre
ek.
The
wat
er—
tab
le
map
s
sug
ges
t
tha
t
in
ar
ea
s
be
tw
ee
n
gr
av
el
qu
ar
ri
es
an
d
th
e
cr
ee
k,
th
er
e
sh
ou
ld
be
tw
o
ma
in
ty
pe
s
of
wa
te
r:
(1)
wa
te
r
fr
om
th
e
gr
av
el
qu
ar
ry
po
nd
s
an
d
(2)
wa
te
r
th
at
has
ent
ere
d
the
sha
llo
w
gro
und
wat
er
zon
e
by
ver
tic
al
inf
ilt
rat
ion
of
33
rai
nwa
ter
or
sno
w
mel
t t
hro
ugh
the
soi
l
zon
e.
It
is
rea
ssn
abl
e
to
exp
ect
tha
t
the
pon
d w
ate
r
und
erg
oes
sig
nif
ica
nt
eva
por
ati
on
bef
ore
see
pin
g i
nto
the
gro
und
wat
er
flo
w s
yst
em,
whe
rea
s t
he
soi
l i
nfi
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, p
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a p
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a l
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s r
efe
rre
d t
o a
s t
he
met
eor
ic
wat
er
lin
e.
On
a m
ore
loc
al
sca
le
lin
ear
plo
ts
wit
h s
imi
lar
slo
pes
are
obt
ain
ed
but
the
int
erc
ept
is
usu
all
y
sli
ght
ly
dif
fer
ent
.
Whe
n w
ate
r
eva
por
ate
s f
rom
ope
n w
ate
r m
ass
es
suc
h a
s l
ake
s,
pon
ds,
or
riv
ers
,
the
iso
top
ic
com
pos
iti
on
bec
ome
s e
nri
che
d.
How
eve
r d
uri
ng
the
eva
por
ati
on
proc
ess
isot
opic
frac
tion
atio
n oc
curs
due
to t
he d
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ures
18 16 18
O, and H O. This causes the 0 vs D relation of the
of the HBO, H 2
2
evaporated water to deviate from the meteoric water line.
The samples which were analyzed for both 180 and D (Table 9 and 10)
are plotted on Figure 20 which also shows the position of the meteoric
water line from Dansgaard. This graph indicates that some of the samples
are on or very close to the meteoric line, some are above the line and
some are considerably below the line. The samples that are near or
slightly above the line represent precipitation—derived water that has
not
unde
rgon
e si
gnif
ican
t ev
apor
atio
n.
The
fact
that
some
samp
les
plot
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e li
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he G
reat
Lakes Region, and is dependent on the origin of the vapor masses.
The numerous points on Figure 20 that are below the meteoric
line may have been influenced by open waterbody evaporation which has
caused isotopic fractionation. Figure 20 indicates that the "evaporitic"
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The oxygen—18 concentration along cross section A—A' is shown in
Figu
re 1
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18 .
there are large variations in O in both the shallow and deeper zones.
Careful examination of Table 18 shows considerable variation in time
of 18O in the shallow groundwater while the values at depth remain quite
constant.
. . . 18
The heterogeneous distribution of 0 suggests that the flow
system is not very dispersive. In a dispersive environment one would
expect the vertical and lateral 180 distributions to be much smoother.
4.4.l Chloride
Seventy—seven water samples collected on Aug 10, 1976 were
analyzed for chloride. The results are shown in Table 11. Most
samples were taken along or adjacent to cross sections A—A' or B—B'
and the concentrations in the groundwater were generally within the
range 20 to 40 mg/l. The mean concentration was 27.7 mg/l. The surface
water samples were within the range of 30.5 to 46 mg/l while the
concentration in the stream varied from 31.5 to 34.5 mg/l or was only
slightly higher than the mean concentration in the groundwater.
The mean concentration of chloride in precipitation of the area
was 1.4 mg/l in 1975 (Sanderson, 1976), there is little road salt used
in the vicinity of the study area, and in View of the geology of the
area and the rapid groundwater flow through the area, there is virtually
no possibility for the existence of saline deposits. As a result,
agricultural fertilizers containing KCl are believed to be the primary
source of chloride.
Since most of the data falls within a rather narrow range, spatial
trends are difficult to identify and particularly difficult to substantiate.
Nevertheless, a careful examination of Table 11 reveals possible
relationships between the vertical chloride distribution and land use.
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concentration in the pond. Based upon the available data, it could be
concluded that within relatively short distances of the pond (approximately
200 m) the deep groundwater is essentially pond water. At greater
distances the chloride concentration is reduced indicating the ground-
water to be some mixture of pond and infiltration water. Although this
interpretation is of possible significance since it tends to refute
the interpretation based on the isotopes, it carries little weight
since we do not have a historical record of the chloride concentration
in the pond.
+
4.4.2 Major Cations (Ca++, Mg++, Na , K+)
Samples for major cation analysis were collected from the observation
well network and surface waters on four occasions, Nov. 13, 1975, Mar 24,
1976, Apr. 26, 1976 and Aug 10, 1976. A total of approximately 2,000
analyses were performed.
Table 12 shows the results of the calcium analyses. The majority
of the concentrations are within the range of 80 to 200 mg/l. The
concentration at a particular point appears to be reasonably constant
with time, and there are no major trends in space. An examination
of the data for some of the detailed nests suggests a slight increase
in Ca++ concentration with depth. Generally the increase with depth
is less than the lateral variability.
The most-obvious exceptions to the foregoing generalizations
are for samples from the silty clay underlying the sand. These samples
generally show greater variability with time which may reflect the
greater time for the sampling points to stabilizeafter installation.
In addition, many of the samples from these wells are considerably in
excess of 200 mg/l. There is no apparent relationship between calcium
concentrations and the groundwater source areas or the nitrate
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 4.4.3 Dissolved Oxygen
Dissolved oxygen measurements were made in August 1976 at
obse
rvat
ion
well
s a
long
cros
s s
ecti
on A
—A'.
The
resu
lts
are
give
n in
Tab
le
16
and
Fig
ure
22.
Fro
m F
igu
re
22,
two
dis
tin
ct
dis
sol
ved
oxy
gen
zones are evident, an upper zone in which the dissolved oxygen concen—
tra
tio
n v
ari
es
bet
wee
n 2
.0
and
11.
4 m
g/l
and
a l
owe
r z
one
in
whi
ch
the
dissolved oxygen concentration is very low (<0.2 mg/l). The water in
the gravel pit pond at the upper end of the cross section had a dis-
solved oxygen concentration of 8.6 mg/l.
There are two possible explanations for the dissolved oxygen
distribution. The first follows from the isotope data and the resulting
hypothesis regarding the groundwater source areas. It can be hypothesized
that the upper groundwater zone is the result of water infiltrating
through the soil zone. This water would be in equilibrium with the
soil atmosphere and would therefore have a relatively high dissolved
oxygen concentration. On the other hand, the deeper groundwater may
have originated at the gravel pit ponds. Although the pond has a
high dissolved oxygen content, this could be removed by bacterial action
as the water moves through an organic layer on the bottom of the pond.
Thus the dissolved oxygen distribution is explained on the basis of
physical controls. This interpretation appears questionable since
it does not seem reasonable for the sharp division between thehigh and
low dissolved oxygen watersto be maintained overtheeentire length of
the cross section.
A second explanation is that water with a high dissolved oxygen
content infiltrates to the saturated zone. However, as it passes
through the flow system, the oxygen is utilized by bacteria reducing
the concentration to near zero. The dissolved oxygen distribution and
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su
lt
s
of
Eh
me
as
ur
em
en
ts
ma
de
on
bo
th
th
e
gr
ou
nd
wa
te
r
an
d
su
rf
ac
e
wa
te
r
of
th
e
st
ud
y
ar
ea
ar
e
li
st
ed
in
Ta
bl
e
16
.
Th
e
Eh
in
th
e
up
pe
r
gr
ou
nd
wa
te
r
va
ri
es
fr
om
0.
15
vo
lt
s
to
0.
38
vo
lt
s.
Th
es
e
hi
gh
va
lu
es
in
di
ca
te
ox
yg
en
at
ed
wa
te
r,
an
d
ar
e
pr
ob
ab
ly
th
e
re
su
lt
of
a
hi
gh
di
ss
ol
ve
d
ox
yg
en
co
nt
en
t
of
th
e.
in
fi
lt
ra
ti
ng
wa
te
r.
Th
e
lo
we
r
gr
ou
nd
wa
te
r
sh
ow
s
lo
w
Eh
va
lu
es
(m
ea
n
of
0.
08
vo
lt
s)
.
Al
th
ou
gh
th
e
Co
nt
ac
t
be
tw
ee
n
th
e
tw
o
Eh
zo
ne
s
is
gr
ad
at
io
na
l,
th
e
tr
en
d
is
si
mi
la
r
to
th
at
ob
se
rv
ed
in
th
e
di
ss
ol
ve
d
ox
yg
en
da
ta
.
Th
e
po
ss
ib
le
ex
pl
an
at
io
ns
fo
r
th
e
di
ss
ol
ve
d
ox
yg
en
di
st
ri
bu
ti
on
ar
e
eq
ua
ll
y
ap
pl
ic
ab
le
to
th
e
Eh
di
st
ri
bu
ti
on
.
Co
nv
er
se
ly
,
th
e
Eh
di
st
ri
bu
ti
on
do
es
no
t
ap
pe
ar
to
sh
ed
an
y
fu
rt
he
r
li
gh
t
on
wh
ic
h
ex
pl
an
at
io
n
is
mo
st
ap
pr
op
ri
at
e.
4.4.5 pH
Th
e
re
su
lt
s
of
pH
me
as
ur
em
en
ts
ma
de
in
bo
th
th
e
gr
ou
nd
wa
te
r
an
d
su
rf
ac
e
wa
te
r
of
th
e
st
ud
y
ar
ea
ar
e
sh
ow
n
in
Ta
bl
e
16
.
Th
e
va
lu
es
ra
ng
e
be
tw
ee
n
7.
1
an
d
7.
8
wi
th
a
me
an
pH
of
7.
5.
Th
e
la
ck
of
va
ri
ab
il
it
y
in
pH
in
th
e
gr
ou
nd
wa
te
r
of
th
e
ar
ea
co
ul
d
be
th
e
re
su
lt
of
th
e
do
mi
na
nc
e
of
th
e
ca
rb
on
at
e
sy
st
em
on
pH
.
Th
er
e
we
re
no
no
ti
ce
ab
le
sp
at
ia
l
tr
en
ds
in the pH values.
4.4.6 Temperature
The
res
ult
s o
f g
rou
ndw
ate
r t
emp
era
tur
e m
eas
ure
men
ts
are
giv
en
in
Tab
le
16.
The
se
res
ult
s
ind
ica
te
tha
t
for
mid
sum
mer
(Au
gus
t,
197
6)
th
e
gr
ou
nd
wa
te
r
te
mp
er
at
ur
e
va
ri
ed
fr
om
9.
50
0
in
a
de
ep
pi
ez
om
et
er
to
19.
500
in
a v
ery
sha
llo
w o
ne.
The
hig
h t
emp
era
tur
es
in
the
sha
llo
w
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gr
ou
nd
wa
te
r
co
ul
d
be
th
e
re
su
lt
of
in
fi
lt
ra
ti
ng
ra
in
wa
te
r
an
d
ir
ri
ga
-
ti
on
wa
te
r,
as
we
ll
as
he
at
co
nd
uc
te
d
fr
om
th
e
wa
rm
gr
ou
nd
su
rf
ac
e.
Th
e
lo
we
r
te
mp
er
at
ur
es
in
th
e
de
ep
er
gr
ou
nd
wa
te
r,
pr
ob
ab
ly
re
fl
ec
t
the
mean annual temperature.
4.4.7 Specific Conductance
Th
e
re
su
lt
s
of
fi
el
d
me
as
ur
em
en
ts
of
sp
ec
if
ic
co
nd
uc
ta
nc
e
are
lis
ted
in
Tab
le
16.
The
maj
ori
ty
of
val
ues
ran
ge
fro
m 3
75
to
850
umh
os/
cm.
Hi
gh
sp
ec
if
ic
co
nd
uc
ta
nc
e
va
lu
es
we
re
fo
un
d
in
the
cl
ay
(up
to
45
50
um
ho
s/
cm
)
wh
ic
h
is
in
ag
re
em
en
t
wi
th
the
hi
gh
co
nc
en
tr
at
io
ns
of
so
di
um
,
po
ta
ss
iu
m,
an
d
ca
lc
iu
m
pr
es
en
t
in
the
cla
y.
Th
er
e
ap
pe
ar
s
to
be
a
sl
ig
ht
in
cr
ea
se
in
Sp
ec
if
ic
co
nd
uc
ta
nc
e
wi
th
de
pt
h,
ho
we
ve
r
th
e
tr
en
d
is
no
t
st
ro
ng
an
d
th
er
e
ar
e
no
ot
he
r
sp
at
ia
l
tr
en
ds
ev
id
en
t.
Th
e
la
bo
ra
to
ry
sp
ec
if
ic
co
nd
uc
ta
nc
e
va
lu
es
ar
e
gi
ve
n
in
Ta
bl
e
17
.
Al
th
ou
gh
a
gr
ea
te
r
nu
mb
er
of
sa
mp
le
s
ar
e
av
ia
la
bl
e,
no
ad
di
ti
on
al
tr
en
ds
ar
e
ev
id
en
t.
4.4.8 Methane
Th
e
re
su
lt
s
of
th
e
me
th
an
e
an
al
ys
es
ar
e
sh
ow
n
in
Fi
gu
re
23
.
Th
is
fi
gu
re
in
di
ca
te
s
th
at
me
th
an
e
is
no
t
fo
un
d
in
th
e
br
ow
n
sa
nd
s
bu
t
is
fo
un
d
in
th
e
gr
ey
sa
nd
.
Me
th
an
e
is
th
e
re
su
lt
of
mi
cr
ob
ia
l
de
co
mp
os
it
io
n
of
or
ga
ni
c
ma
tt
er
in
re
du
ci
ng
en
vi
ro
nm
en
ts
.
Th
e
la
ck
of
me
th
an
e
in
the
br
ow
n
sa
nd
s
is
co
ns
is
te
nt
wi
th
th
e
hi
gh
di
ss
ol
ve
d
ox
yg
en
an
d
Eh
va
lu
es
ob
se
rv
ed
in
th
is
zon
e.
Th
e
pr
es
en
ce
of
me
th
an
e
in
th
e
gr
ey
sa
nd
is
co
ns
is
te
nt
wi
th
lo
w
Eh
an
d
di
ss
ol
ve
d
ox
yg
en
va
lu
es
an
d
al
so
in
di
ca
te
s
th
e
pr
es
en
ce
of
so
lu
bl
e
or
ga
ni
c
ma
tt
er
.
Al
th
ou
gh
th
e
Eh
va
lu
es
ar
e
lo
w,
th
ey
ar
e.
hi
gh
er
th
an
th
e
va
lu
e
no
rm
al
ly
co
ns
id
er
ed
to
be
re
qu
ir
ed
fo
r
me
th
an
e
pr
od
uc
ti
on
to
pr
oc
ee
d
(—
0.
15
vo
lt
s)
.
Th
e
me
th
an
e
ma
y
ha
ve
be
en
pr
od
uc
ed
at
mi
cr
oe
nv
ir
on
me
nt
s
wi
th
in
th
e
fl
ow
sy
st
em
,
or
th
e
ab
so
lu
te
va
lu
e
of
th
e
Eh
me
as
ur
em
en
ts
ma
y
be
in
er
ro
r.
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.
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A
m
m
o
n
i
u
m
T
h
e
r
e
s
u
l
t
s
o
f
t
h
e
a
m
m
o
n
i
u
m
a
n
a
l
y
s
e
s
a
r
e
g
i
v
e
n
i
n
T
a
b
l
e
s
1
8
a
n
d
1
9
.
W
i
t
h
f
e
w
e
x
c
e
p
t
i
o
n
s
t
h
e
a
m
m
o
n
i
u
m
v
a
l
u
e
s
w
e
r
e
l
e
s
s
t
h
a
n
1
.
0
m
g
/
l
—
N
.
T
h
e
m
a
j
o
r
i
t
y
o
f
t
h
e
v
a
l
u
e
s
l
i
e
w
i
t
h
i
n
t
h
e
r
a
n
g
e
o
f
0
.
0
t
o
0
.
2
m
g
/
l
—
N
.
N
o
t
r
e
n
d
s
i
n
s
p
a
c
e
o
r
t
i
m
e
w
e
r
e
e
v
i
d
e
n
t
i
n
t
h
e
a
m
m
o
n
i
u
m
d
a
t
a
.
T
h
e
r
e
w
e
r
e
a
p
p
r
o
x
i
m
a
t
e
l
y
t
e
n
v
a
l
u
e
s
w
h
i
c
h
e
x
c
e
e
d
e
d
1
.
0
m
g
/
l
—
N
w
i
t
h
t
h
e
m
a
x
i
m
u
m
b
e
i
n
g
3
7
8
m
g
/
l
—
N
.
T
h
e
s
e
v
a
l
u
e
s
s
h
o
w
e
d
n
o
t
r
e
n
d
i
n
t
i
m
e
o
r
s
p
a
c
e
a
n
d
u
s
u
a
l
l
y
p
e
r
s
i
s
t
e
d
a
t
a
g
i
v
e
n
l
o
c
a
t
i
o
n
f
o
r
o
n
l
y
o
n
e
s
a
m
p
l
i
n
g
d
a
t
e
.
N
o
e
x
p
l
a
n
a
t
i
o
n
f
o
r
t
h
e
h
i
g
h
v
a
l
u
e
s
i
s
a
p
p
a
r
e
n
t
.
4
.
5
'
P
h
o
s
p
h
a
t
e
T
h
e
r
e
s
u
l
t
s
o
f
t
h
e
p
h
o
s
p
h
a
t
e
a
n
a
l
y
s
e
s
p
e
r
f
o
r
m
e
d
b
y
t
h
e
U
n
i
v
e
r
s
i
t
y
o
f
G
u
e
l
p
h
a
r
e
g
i
v
e
n
i
n
T
a
b
l
e
2
0
.
T
h
e
p
h
o
s
p
h
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
t
h
e
o
b
s
e
r
v
a
t
i
o
n
w
e
l
l
s
r
a
n
g
e
f
r
o
m
l
e
s
s
t
h
a
n
0
.
1
t
o
3
.
5
u
g
/
l
—
P
w
h
i
l
e
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
i
n
t
h
e
p
o
n
d
n
e
a
r
H
3
1
w
a
s
2
.
0
a
n
d
3
.
0
u
g
/
l
-
P
.
T
h
e
o
n
l
y
e
x
c
e
p
t
i
o
n
w
a
s
H
l
2
—
P
2
6
w
h
i
c
h
h
a
d
a
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
6
.
0
U
g
/
l
-
P
.
T
h
i
s
p
a
r
t
i
c
u
l
a
r
s
a
m
p
l
e
,
w
h
e
n
w
i
t
h
d
r
a
w
n
f
r
o
m
t
h
e
p
i
e
z
o
m
e
t
e
r
c
o
n
t
a
i
n
e
d
c
o
n
s
i
d
e
r
a
b
l
e
s
e
d
i
m
e
n
t
a
n
d
w
a
s
d
i
f
f
i
c
u
l
t
t
o
f
i
l
t
e
r
.
I
t
i
s
b
e
l
i
e
v
e
d
t
h
a
t
t
h
e
a
n
o
m
a
l
o
u
s
l
y
h
i
g
h
v
a
l
u
e
c
o
u
l
d
b
e
t
h
e
r
e
s
u
l
t
o
f
i
n
c
o
m
p
l
e
t
e
f
i
l
t
e
r
i
n
g
.
T
h
e
p
h
o
s
p
h
o
r
u
s
c
o
n
c
e
n
t
r
a
t
i
o
n
s
a
r
e
v
e
r
y
l
o
w
a
n
d
a
s
a
r
e
s
u
l
t
a
r
e
s
u
b
j
e
c
t
t
o
c
o
n
s
i
d
e
r
a
b
l
e
a
n
a
l
y
t
i
c
a
l
u
n
c
e
r
t
a
i
n
t
y
a
n
d
f
u
r
t
h
e
r
u
n
c
e
r
t
a
i
n
t
y
a
s
a
r
e
s
u
l
t
o
f
p
o
s
s
i
b
l
e
c
o
n
t
a
m
i
n
a
t
i
o
n
.
B
a
s
e
d
u
p
o
n
t
h
i
s
s
u
r
v
e
y
h
o
w
e
v
e
r
,
i
t
d
o
e
s
n
o
t
a
p
p
e
a
r
t
h
a
t
t
h
e
a
g
r
i
c
u
l
t
u
r
a
l
a
c
t
i
v
i
t
y
is
c
o
n
t
r
i
b
u
t
i
n
g
s
i
g
n
i
f
i
c
a
n
t
q
u
a
n
t
i
t
i
e
s
o
f
p
h
o
s
p
h
o
r
u
s
t
o
t
h
e
g
r
o
u
n
d
w
a
t
e
r
.
4.6 Pesticides
T
h
e
12
s
a
m
p
l
e
s
s
u
b
m
i
t
t
e
d
to
t
h
e
P
r
o
v
i
n
c
i
a
l
P
e
s
t
i
c
i
d
e
T
e
s
t
i
n
g
L
a
b
o
r
a
t
o
r
y
w
e
r
e
c
o
l
l
e
c
t
e
d
o
n
J
u
n
e
12
,
1
9
7
5
,
f
r
o
m
t
h
e
d
e
e
p
a
n
d
s
h
a
l
l
o
w
we
ll
s
in
th
e
sa
nd
at
si
te
s
H5
,
H8
,
H1
8,
H2
0,
H2
2
an
d
H2
5.
Th
e
sa
mp
le
s
w
e
r
e
a
n
a
l
y
z
e
d
fo
r
p
r
o
m
e
t
o
n
e
,
a
t
r
a
zi
n
e
,
s
i
m
a
zi
n
e
,
c
yp
r
a
zi
n
e
,
a
n
d
m
e
t
r
i
b
u
z
i
n
,
—
—
—
¥
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none
of w
hich
was
foun
d at
dete
ctab
le
conc
entr
atio
ns
in a
ny o
f th
e sa
mple
s.
It
wou
ld
app
ear
fro
m t
hes
e r
esu
lts
tha
t g
rou
ndw
ate
r c
ont
ami
nat
ion
fro
m
pes
tic
ide
usa
ge
is
not
a s
ign
ifi
can
t p
rob
lem
in
the
Hil
lma
n C
ree
k w
ate
rsh
ed.
4.7 Nitrogen Loading to the Groundwater
4.
7.
1
So
il
Ni
tr
og
en
Ba
la
nc
e
Kno
wle
dge
of
the
amo
unt
and
rat
e o
f n
itr
ate
rea
chi
ng
the
gro
und
wat
er
is
req
uir
ed
in
est
abl
ish
ing
the
mat
hem
ati
cal
mod
el
of
the
tra
nsp
ort
pro
ces
s
and
als
o p
rov
ide
s a
n u
ppe
r b
oun
d f
or
the
amo
unt
of
nit
rat
e c
ont
rib
ute
d
by
gro
und
wat
er
to
the
str
eam
.
One
met
hod
of
arr
ivi
ng
at
the
amo
unt
of
nit
rat
e
lea
che
d t
o t
he
gro
und
wat
er
is
by
per
for
min
g a
soi
l n
itr
oge
n b
ala
nce
.
Nit
rog
en
bal
anc
es
cal
cul
ate
d u
nde
r w
ell
con
tro
lle
d c
ond
iti
ons
gen
era
lly
hav
e a
hig
h d
egr
ee
of
unc
ert
ain
ty
ass
oci
ate
d w
ith
them
.
In
thi
s s
tud
y,
the
est
abl
ish
men
t o
f a
n a
ccu
rat
e n
itr
oge
n b
ala
nce
was
not
a h
igh
pri
ori
ty.
Furt
herm
ore,
in V
iew
of t
he w
ide
rang
e in
land
use
prac
tice
s ov
er t
he
are
a i
t w
oul
d b
e e
xtr
eme
ly
dif
fic
ult
to
arr
ive
at
a h
igh
ly
def
ens
ibl
e
bud
get
.
Alt
hou
gh
num
eri
cal
val
ues
are
use
d i
n t
he
fol
low
ing
dis
cus
sio
n
they must be Viewed as being highly uncertain.
Nit
rat
e m
ay
be
con
tri
but
ed
to
gro
und
wat
er
fro
m b
oth
dif
fus
e a
nd
poi
nt
sou
rce
s.
The
onl
y p
oin
t s
our
ces
ide
nti
fie
d i
n t
he
stu
dy
are
a
inc
lud
e s
ept
ic
tan
k s
yst
ems
and
gre
enh
ous
es.
The
re
are
app
rox
ima
tel
y
twe
nty
sep
tics
yst
ems
in
the
are
a.
If
it
is
ass
ume
d t
hat
the
re
are
fou
r
per
son
s p
er
sys
tem
and
tha
t t
he
inp
ut
to
eac
h s
yst
em
is
141
.3
1/c
api
ta/
day
(Ch
owd
hry
, 1
972
),
the
n t
he
tot
al
flu
x o
f w
ate
r t
hro
ugh
the
sys
tem
s w
oul
d
be 1
1,28
0 l
/day
. B
ased
upon
a to
tal
inor
gani
c ni
trog
en c
once
ntra
tion
of
34
mg/
l—N
(fr
om
dat
a p
res
ent
ed
by
Oti
s,
197
3 a
nd
Dud
ley
et
al.,
197
3),
the
nit
rog
en
con
tri
but
ed
by
sep
tic
tan
ks
to
the
gro
und
wat
er
wou
ld
by
0.04
kg/h
a/yr
. As
will
be s
een
belo
w, t
his
is i
nsig
nifi
cant
with
resp
ect
to other sources.
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T
h
e
r
e
a
r
e
s
e
v
e
r
a
l
s
m
a
l
l
g
r
e
e
n
h
o
u
s
e
s
i
n
t
h
e
s
t
u
d
y
a
r
e
a
.
T
h
e
s
e
w
e
r
e
u
s
e
d
p
r
i
m
a
r
i
l
y
f
o
r
s
t
a
r
t
i
n
g
t
o
b
a
c
c
o
o
r
t
o
m
a
t
o
p
l
a
n
t
s
a
n
d
w
e
r
e
g
e
n
e
r
a
l
l
y
o
n
l
y
i
n
u
s
e
f
o
r
a
p
e
r
i
o
d
o
f
a
b
o
u
t
o
n
e
a
n
d
o
n
e
h
a
l
f
t
o
t
w
o
m
o
n
t
h
s
.
T
h
e
r
e
w
a
s
o
n
e
l
a
r
g
e
g
r
e
e
n
h
o
u
s
e
o
p
e
r
a
t
i
o
n
u
s
e
d
f
o
r
f
l
o
w
e
r
p
r
o
d
u
c
t
i
o
n
o
n
t
h
e
s
o
u
t
h
s
i
d
e
o
f
t
h
e
s
t
r
e
a
m
.
A
l
t
h
o
u
g
h
n
o
i
n
t
e
n
s
i
v
e
s
t
u
d
i
e
s
w
e
r
e
p
e
r
f
o
r
m
e
d
,
f
r
o
m
o
b
s
e
r
v
a
t
i
o
n
w
e
l
l
s
l
o
c
a
t
e
d
n
e
a
r
g
r
e
e
n
h
o
u
s
e
s
,
i
t
d
i
d
n
o
t
a
p
p
e
a
r
t
h
a
t
t
h
e
g
r
e
e
n
h
o
u
s
e
s
w
e
r
e
a
f
f
e
c
t
i
n
g
t
h
e
l
o
c
a
l
g
r
o
u
n
d
w
a
t
e
r
q
u
a
l
i
t
y
a
n
d
t
h
e
r
e
f
o
r
e
w
e
r
e
n
o
t
b
e
l
i
e
v
e
d
t
o
b
e
a
m
a
j
o
r
s
o
u
r
c
e
o
f
n
i
t
r
o
g
e
n
o
n
t
h
e
s
c
a
l
e
o
f
t
h
e
total study area.
T
h
e
m
a
j
o
r
d
i
f
f
u
s
e
s
o
u
r
c
e
s
o
f
n
i
t
r
a
t
e
i
n
c
l
u
d
e
p
r
e
c
i
p
i
t
a
t
i
o
n
,
f
e
r
t
i
l
i
ze
r
a
p
p
l
i
c
a
t
i
o
n
an
d
th
e
m
i
n
e
r
a
l
i
z
a
t
i
o
n
of
o
r
g
a
n
i
c
m
a
t
t
e
r
,
w
h
i
l
e
th
e
n
i
t
r
o
g
e
n
si
nk
s
i
n
c
l
ud
e
p
l
a
n
t
up
t
a
k
e
,
i
m
m
o
b
i
l
i
z
a
t
i
o
n
,
v
o
l
a
t
i
l
i
z
a
t
i
o
n
,
an
d
de
ni
tr
if
ic
at
io
n.
Su
bt
ra
ct
io
n
of
th
e
si
nk
s
fr
om
th
e
so
ur
ce
s
sh
ou
ld
gi
ve
th
e
am
ou
nt
of
ni
tr
at
e
av
ai
la
bl
e
fo
r
le
ac
hi
ng
to
th
e
gr
ou
nd
wa
te
r
an
d,
as
su
mi
ng
th
e
ni
tr
at
e
to
be
no
n-
re
ac
ti
ve
in
th
e
gr
ou
nd
wa
te
r,
th
e
am
ou
nt
of
ni
tr
at
e
to
be
ul
ti
ma
te
ly
di
sc
ha
rg
ed
to
Hi
ll
ma
n
Cr
ee
k.
Fr
om
da
ta
co
ll
ec
te
d
by
Dr
.
M.
Sa
nd
er
so
n
of
th
e
Un
iv
er
si
ty
of
Wi
nd
so
r
fo
r
th
e
pe
ri
od
Ma
y
75
th
ro
ug
h
Ap
ri
l
76
,
th
e
ni
tr
og
en
co
nt
ri
bu
te
d
to
th
e
st
ud
y
ar
ea
in
pr
ec
ip
it
at
io
n
is
22
.4
kg
N/
ha
/y
r.
Al
li
so
n
(1
95
7)
st
at
ed
th
at
th
e
at
mo
sp
he
re
co
nt
ri
bu
te
s
be
tw
ee
n
2
an
d
4
kg
N/
ha
/y
r
to
th
e
la
nd
su
rf
ac
e.
In
vi
ew
of
th
is
,
th
e
la
rg
e
co
nt
ri
bu
ti
on
de
te
rm
in
ed
fr
om
th
e
da
ta
of
Sa
nd
er
so
n
ap
pe
ar
s
su
sp
ec
t.
Tw
o
sp
ot
sa
mp
le
s
co
ll
ec
te
d
by
th
e
Un
iv
er
si
ty
of
Wa
te
rl
oo
ha
d
ni
tr
og
en
co
nc
en
tr
at
io
ns
in
re
as
on
ab
le
ag
re
em
en
t
wi
th
th
os
e
re
po
rt
ed
by
Sa
nd
er
so
n.
In
ad
di
ti
on
,
si
nc
e
th
e
st
ud
y
ar
ea
is
ne
ar
th
e
in
du
st
ri
al
ce
nt
re
s
of
De
tr
oi
t
an
d
Wi
nd
so
r,
so
me
wh
at
hi
gh
er
va
lu
es
co
ul
d
be
ex
pe
ct
ed
th
an
th
os
e
su
gg
es
te
d
by
Al
li
so
n.
Al
th
ou
gh
the
cal
cul
ate
d
amo
unt
of
nit
rog
en
con
tri
but
ed
by
pre
cip
ita
tio
n
con
tin
ues
to
app
ear
hig
h,
the
re
is
no
fir
m b
asi
s
upo
n w
hic
h
to
rej
ect
it.
Thu
s t
he
val
ue
of
22.
4 k
g N
/ha
/yr
wil
l
be
use
d i
n
the
nit
rog
en
bal
anc
e
for
the
are
a.
rr
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
—_
__
__
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_4
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The nitrogen loading attributable to chemical fertilizers was
dete
rmin
ed f
rom
inte
rvie
ws w
ith
the
farm
ers.
The
crop
s g
rown
and
fer
til
ize
r l
oad
ing
s f
or
197
5 a
nd
197
6 a
re
sho
wn
in
Fig
ure
s 2
4 a
nd
25.
Alt
hou
gh
the
re
is
con
sid
era
ble
var
iat
ion
in
the
app
lic
ati
on
rat
es,
pot
ato
es
are
fer
til
ize
d a
t a
rat
e o
f a
ppr
oxi
mat
ely
95
kg
N/h
a/y
r,
tob
acc
o a
t 5
0 k
g N
/ha
/yr
, o
rch
ard
s
at
35
kg
N/h
a/y
r a
nd
tom
ato
es
at
app
rox
ima
tel
y 1
25
kg
N/h
a/y
r.
By
mul
tip
lyi
ng
the
nit
rog
en
app
lic
ati
on
rat
e b
y t
he
are
a o
f e
ach
fie
ld
and
div
idi
ng
by
the
tot
al
cul
tiv
ate
d a
rea
, t
he
nit
rog
en
loa
din
g f
or
bot
h 1
975
and 1976 was calculated to be 90 kg N/ha/yr.
Estimates of rates of mineralization and fixation in the study
area
have
been
obta
ined
by t
he S
oils
Rese
arch
Inst
itut
e of
Agri
cult
ure
Can
ada
as
par
t o
f t
he
PLU
ARG
act
ivi
tie
s.
Pre
lim
ina
ry
res
ult
s o
f t
hes
e
stu
die
s a
re
giv
en
by
Cam
ero
n e
t a
l.,
197
7.
Pro
vid
ed
the
re
is
no
net
acc
umu
lat
ion
or
dep
let
ion
of
the
soi
l o
rga
nic
mat
ter
, t
hen
the
rat
es
of
min
era
liz
ati
on
and
imm
obi
liz
ati
on
sho
uld
be
equ
al.
Int
erv
iew
s
wit
h t
he
far
mer
s i
ndi
cat
ed
tha
t t
her
e h
ad
bee
n n
o m
ajo
r c
han
ges
in
the
cro
ppi
ng
pra
cti
ces
dur
ing
the
pas
t
ten
yea
rs.
Fur
the
rmo
re,
the
nit
rog
en
in
the
gro
und
wat
er
wou
ld
ref
lec
t c
ond
iti
ons
ave
rag
ed
ove
r
sev
era
l p
rev
iou
s y
ear
s.
For
the
se
rea
son
s,
it
see
med
mos
t r
eas
ona
ble
to
ass
ume
fix
ati
on
and
min
era
liz
ati
on
to
be
equ
al
and
opp
osi
te
and
thu
s e
ffe
cti
vel
y r
emo
vin
g t
hes
e p
roc
ess
es
fro
m f
urt
her
con
sid
era
tio
n
in the nitrogen budget.
Bas
ed
upo
n e
sti
mat
es
of
cro
p u
pta
ke
giv
en
by
de
Jon
g e
t a
l.,
197
7,
the
ave
rag
e c
rop
upt
ake
ove
r t
he
stu
dy
are
a w
as
est
ima
ted
at
64
kg
N/h
a/y
r
in 1975 and 55 kg N/ha/yr in 1976. Volatilization is a minor cause of
nitrogen loss under most conditions in agricultural lands (Meyer et al., 1961)
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an
d
wi
ll
no
t
be
co
ns
id
er
ed
fu
rt
he
r
in
th
is
re
po
rt
.
Si
mi
la
rl
y,
in
vi
ew
of
th
e
gr
an
ul
ar
na
tu
re
of
th
e
so
il
s
an
d
th
e
hi
gh
di
ss
ol
ve
d
ox
yg
en
co
nc
en
tr
at
io
ns
in
th
e
sh
al
lo
w
gr
ou
nd
wa
te
r,
de
ni
tr
if
ic
at
io
n
in
th
e
so
il
zo
ne
is
no
t
be
li
ev
ed
to
be
a
si
gn
if
ic
an
t
pr
oc
es
s.
Fr
om
th
e
ab
ov
e
di
sc
us
si
on
s,
th
e
ma
jo
r
ni
tr
og
en
in
pu
ts
ar
e
pr
e-
ci
pi
ta
ti
on
an
d
ch
em
ic
al
fe
rt
il
iz
er
s
gi
vi
ng
a
to
ta
l
lo
ad
of
11
2
kg
N/
ha
/y
r.
Th
e
on
ly
ma
jo
r
lo
ss
wa
s
co
ns
id
er
ed
to
be
pl
an
t
up
ta
ke
at
60
kg
N/
ha
/y
r
(a
ve
ra
ge
of
19
75
an
d
19
76
).
Th
is
le
av
es
50
kg
N/
ha
/y
r
av
ai
la
bl
e
fo
r
le
ac
hi
ng
to
th
e
gr
ou
nd
wa
te
r
fl
ow
sy
st
em
.
As
dis
cus
sed
in
the
int
rod
uct
ion
to
thi
s
sec
tio
n,
the
re
is
a
co
ns
id
er
ab
le
el
em
en
t
of
un
ce
rt
ai
nt
y
as
so
ci
at
ed
wi
th
th
e
50
kg
N/
ha
/y
r
val
ue.
Fur
the
rmo
re,
fro
m
the
pro
ced
ure
s
use
d
and
ass
ump
tio
ns
mad
e,
the
re
is
no
rat
ion
al
met
hod
for
est
abl
ish
ing
rea
lis
tic
err
or
lim
its
.
4.7.2 Results of Unsaturated Zone Measurements
Alt
hou
gh
nit
rog
en
bal
anc
es
may
pro
vid
e a
n e
sti
mat
e o
f t
he
ann
ual
amo
unt
of
nit
rog
en
lea
che
d t
o t
he
gro
und
wat
er,
the
y p
rov
ide
no
inf
orm
a—
tio
n r
ega
rdi
ng
the
rat
e o
f l
eac
hin
g a
nd
the
sea
son
al
var
iab
ili
ty
in
the
lea
chi
ng
rat
e.
The
obj
ect
ive
of
the
uns
atu
rat
ed
zon
e i
nst
rum
ent
ati
on
was
to o
btai
n in
form
atio
n pe
rtai
ning
to t
hese
ques
tion
s.
The
inst
rume
nta—
tion
desc
ribe
d in
sect
ion
3.1.
4 ha
s an
obvi
ous
disa
dvan
tage
in t
hat
it i
s
very site specific. Since there was only one experimental plot established
in each land use area, there is no way of knowing to what extent the
results obtained at a particular site can be applied over the particular
land use class. In addition, unsaturated zone instrumentation, particularly
tensiometers, require considerable maintenance, and in sandy areas, the
response of the unsaturated zone to precipitation can be quite rapid.
As a consequence of the distance between Waterloo and the study area
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(approximately 300 km) it was impossible to provide the degree of
main
tena
nce
requ
ired
in o
rder
to o
btai
n a
cont
inuo
us
reco
rd o
f th
e
var
iou
s p
ara
met
ers
, a
nd
in
par
tic
ula
r t
o b
e o
n h
and
at
the
cri
tic
al
tim
es
dur
ing
pre
cip
ita
tio
n e
ven
ts.
As
a c
ons
equ
enc
e o
f t
hes
e d
if-
fic
ult
ies
, q
uan
tit
ati
ve
est
ima
tes
of
the
amo
unt
of
nit
rog
en
rea
chi
ng
the
wat
er
tab
le
in
the
res
pec
tiv
e l
and
use
are
as
cou
ld
not
be
mad
e.
Fig
ure
26
sho
ws
the
ver
tic
al
nit
rat
e d
ist
rib
uti
on
det
erm
ine
d a
t
the
thr
ee
exp
eri
men
tal
sit
es
and
at
sel
ect
ed
tim
es
dur
ing
the
sum
mer
of
197
6.
Dur
ing
the
sum
mer
mon
ths
the
upp
er
par
t o
f t
he
soi
l z
one
bec
ame
qui
te
dry
.
As
a r
esu
lt,
sam
ple
s c
oul
d n
ot
be
obt
ain
ed
fro
m t
he
suc
tio
n
lys
ime
ter
s
loc
ate
d a
t t
he
33
cm
dep
th
and
thu
s s
eve
ral
of
the
pro
fil
es
are
inc
omp
let
e a
t s
hal
low
dep
ths
.
As
a r
esu
lt
of
the
ext
ens
ive
roo
t
sys
tem
at
the
for
est
ed
sit
e,
the
soi
l p
rof
ile
was
dri
er
to
a g
rea
ter
dep
th
and
for
a l
ong
er
per
iod
of
tim
e t
han
at
the
oth
er
two
sit
es.
The
most
stri
king
feat
ure
of F
igur
e 26
is t
he l
ow n
itra
te c
once
n-
tra
tio
ns
(ma
xim
um
of
7 m
g/l
) a
t t
he
for
est
ed
sit
e r
ela
tiv
e t
o t
he
con
cen
tra
tio
ns
obs
erv
ed
at
the
oth
er
two
sit
es.
Bot
h
sit
es
rec
eiv
ing
fer
til
ize
r
(or
cha
rd
sit
e
and
pot
ato
sit
e)
sho
w
sim
ila
r
tre
nds
in
nit
rat
e
co
nc
en
tr
at
io
n
be
lo
w
th
e
wa
te
r
ta
bl
e.
At
the
wa
te
r
ta
bl
e,
th
e
co
nc
en
-
tr
at
io
n
is
ge
ne
ra
ll
y
low
,
in
cr
ea
se
s
to
a m
ax
im
um
at
ap
pr
ox
im
at
el
y
on
e
me
te
r
be
lo
w
th
e
wa
te
r
ta
bl
e
th
en
de
cr
ea
se
s
ra
pi
dl
y
wi
th
de
pt
h
to
ne
ar
ze
ro
va
lu
es
at
a
de
pt
h
of
ap
pr
ox
im
at
el
y
two
me
te
rs
be
lo
w
th
e
wa
te
r
ta
bl
e.
As
wi
ll
be
sh
ow
n
in
a
la
te
r
se
ct
io
n,
th
is
tr
en
d
wa
s
ob
se
rv
ed
at
mo
st
of
th
e
de
ta
il
ed
ob
se
rv
at
io
n
we
ll
si
te
s.
Th
e
ma
xi
mu
m
co
nc
en
—
tra
tio
n
obs
erv
ed
in
the
sat
ura
ted
zon
e
at
the
orc
har
d
sit
e w
as
ap-
pro
xim
ate
ly
20
mg/
l
N03
_-N
and
at
the
pot
ato
sit
e w
as
app
rox
ima
tel
y
Hig
hly
var
iab
le
nit
rat
e
con
cen
tra
tio
ns
wer
e
obs
erv
ed
in
the
25 mg/l.
uns
atu
rat
ed
zon
e
of
the
orc
har
d s
ite
,
whi
le
at
the
pot
ato
sit
e
the
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c
o
n
c
e
n
t
r
a
t
i
o
n
s
w
e
r
e
c
o
n
s
i
s
t
a
n
t
l
y
l
o
w
.
T
h
i
s
w
a
s
p
a
r
t
i
c
u
l
a
r
l
y
s
u
r
p
r
i
s
i
n
g
s
i
n
c
e
t
h
e
n
i
t
r
o
g
e
n
a
p
p
l
i
c
a
t
i
o
n
r
a
t
e
t
o
t
h
e
p
o
t
a
t
o
e
s
w
a
s
a
p
p
r
o
x
i
m
a
t
e
l
y
t
h
r
e
e
t
i
m
e
s
t
h
a
t
o
f
t
h
e
o
r
c
h
a
r
d
.
W
e
b
e
l
i
e
v
e
t
h
e
a
p
p
a
r
e
n
t
d
i
s
c
r
e
p
a
n
c
y
to
b
e
r
e
l
a
t
e
d
to
e
x
p
e
r
i
m
e
n
t
a
l
d
i
f
f
i
c
u
l
t
i
e
s
a
r
i
s
i
n
g
f
r
o
m
t
h
e
m
e
t
h
o
d
s
of
f
e
r
t
i
l
i
z
e
r
a
p
p
l
i
c
a
t
i
o
n
.
I
n
t
h
e
o
r
C
h
a
r
d
,
t
h
e
f
e
r
t
i
l
i
z
e
r
w
a
s
a
p
p
l
i
e
d
b
y
b
r
o
a
d
c
a
s
t
i
n
g
a
n
d
w
e
e
x
p
e
c
t
t
h
e
m
e
a
s
u
r
e
d
n
i
t
r
a
t
e
v
a
l
u
e
s
t
o
b
e
r
e
a
s
o
n
-
ab
ly
r
e
p
r
e
s
e
n
t
a
t
i
v
e
of
th
e
co
nd
it
io
ns
e
x
i
s
t
i
n
g
t
h
r
o
ug
h
o
ut
th
e
or
ch
ar
d.
In
t
h
e
p
o
t
a
t
o
f
i
e
l
d
,
t
h
e
f
e
r
t
i
l
i
z
e
r
w
a
s
a
p
p
l
i
e
d
b
y
b
a
n
d
i
n
g
,
a
n
d
t
h
e
c
l
o
s
e
s
t
f
e
r
t
i
l
i
z
e
r
b
a
n
d
w
a
s
p
r
o
b
a
b
l
y
t
h
r
e
e
f
e
e
t
f
r
o
m
t
h
e
s
u
c
t
i
o
n
l
y
s
i
-
m
e
t
e
r
s
.
S
i
n
c
e
t
h
e
d
i
r
e
c
t
i
o
n
of
f
l
o
w
in
th
e
u
n
s
a
t
u
r
a
t
e
d
z
o
n
e
is
p
r
i
m
a
r
i
l
y
v
e
r
t
i
c
a
l
,
it
is
p
r
o
b
a
b
l
e
t
h
a
t
a
n
y
f
e
r
t
i
l
i
z
e
r
l
e
a
c
h
e
d
f
r
o
m
t
h
e
b
a
n
d
s
wo
ul
d
no
t
be
in
te
rc
ep
te
d
by
th
e
su
ct
io
n
ly
si
me
te
rs
.
As
a
re
su
lt
,
we
do
no
t
be
li
ev
e
th
e
ni
tr
at
e
co
nc
en
tr
at
io
ns
me
as
ur
ed
in
th
e
un
sa
tu
ra
te
d
zo
ne
of
th
e
po
ta
to
pl
ot
to
be
re
pr
es
en
ta
ti
ve
of
th
e
av
er
ag
e
co
nd
it
io
ns
in
th
e
fi
el
d.
As
a
re
su
lt
,
th
is
da
ta
is
of
li
tt
le
va
lu
e
in
de
te
rm
in
in
g
th
e
ra
te
of
ni
tr
at
e
mi
gr
at
io
n
th
ro
ug
h
th
e
un
sa
tu
ra
te
d
zo
ne
in
th
e
po
ta
to
fi
el
d.
In
th
e
or
ch
ar
d
si
te
,
th
e
hi
gh
es
t
ni
tr
at
e
co
nc
en
tr
at
io
n
(4
5
mg
/l
—N
)
wa
s
ob
se
rv
ed
at
th
e
33
cm
de
pt
h
on
Ju
ne
17
.
Th
is
me
as
ur
em
en
t
wa
s
ta
ke
n
so
on
af
te
r
th
e
fe
rt
il
iz
er
wa
s
ap
pl
ie
d.
Un
fo
rt
un
at
el
y,
no
ad
di
ti
on
al
sa
mp
le
s
co
ul
d
be
ob
ta
in
ed
fr
om
th
e
33
cm
de
pt
h
bu
t
at
gr
ea
te
r
de
pt
hs
in
th
e
un
sa
tu
ra
te
d
zo
ne
,
th
er
e
ap
pe
ar
ed
to
be
a
co
nt
in
ue
d
de
cl
in
e
in
ni
tr
at
e
co
nc
en
tr
at
io
n
th
ro
ug
ho
ut
th
e
su
mm
er
.
Th
er
e
wa
s
no
in
di
ca
ti
on
of
th
e
in
it
ia
ll
y
hi
gh
va
lu
e
do
wn
th
ro
ug
h
th
e
so
il
pr
of
il
e
du
ri
ng
th
e
su
mm
er
.
Be
lo
w
th
e
wa
te
r
ta
bl
e
th
er
e
wa
s
a
ma
rk
ed
in
cr
ea
se
in
ni
tr
at
e
concentration in September and in October.
Alt
hou
gh
the
nit
rat
e c
onc
ent
rat
ion
s i
n t
he
uns
atu
rat
ed
zon
e o
f
the
pot
ato
plo
t a
re
not
con
sid
ere
d t
o b
e r
epr
ese
nta
tiv
e o
f t
he
exi
sti
ng
fiel
d co
ndit
ions
, as
a re
sult
of l
ater
al
flow
in t
he s
atur
ated
zone
,
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the
dat
a
obt
ain
ed
bel
ow
the
wat
er
tab
le
is
pro
bab
ly
rep
res
ent
ati
ve
of
co
nd
it
io
ns
wh
ic
h
co
ul
d
be
ex
pe
ct
ed
un
de
r
po
ta
to
pr
od
uc
ti
on
.
Th
e
co
n—
cen
tra
tio
ns
gen
era
lly
inc
rea
se
fro
m J
une
to
Aug
ust
the
n
dec
rea
se
in
Se
pt
em
be
r.
Al
th
ou
gh
th
er
e
are
si
gn
if
ic
an
t
ch
an
ge
s
in
the
ni
tr
at
e
co
n—
cen
tra
tio
n w
ith
tim
e,
the
re
is
no
ind
ica
tio
n
tha
t
the
se
cha
nge
s
are
the
res
ult
of
"sl
ugs
"
of
wat
er
mov
ing
ver
tic
all
y t
hro
ugh
the
pro
fil
e.
It
may
be
tha
t
the
obs
erv
ed
cha
nge
s
in
con
cen
tra
tio
n i
n
the
sat
ura
ted
zon
e
rep
res
ent
dif
fer
ent
wat
er
mas
ses
mov
ing
lat
era
lly
pas
t
the
sam
pli
ng
po
in
ts
.
Us
in
g
the
hy
dr
au
li
c
co
nd
uc
ti
vi
ty
an
d
gr
ad
ie
nt
da
ta
of
se
ct
io
n
4,
it
ca
n
be
sh
ow
n
th
at
ov
er
a
pe
ri
od
of
th
ir
ty
da
ys
,
th
e
gr
ou
nd
wa
te
r
wo
ul
d
mo
ve
a
di
st
an
ce
of
ap
pr
ox
im
at
el
y
2
m.
Du
ri
ng
th
is
sa
me
pe
ri
od
(A
ug
.
ll
to
Se
pt
.
10
),
th
e
ni
tr
at
e
co
nc
en
tr
at
io
n
at
a
de
pt
h
of
2.
2
m
be
lo
w
gr
ou
nd
su
rf
ac
e
de
cr
ea
se
d
fr
om
ap
pr
ox
im
at
el
y
26
to
9
mg
/l
—N
.
Th
is
in
di
ca
te
s
a
la
te
ra
l
ch
an
ge
in
co
nc
en
tr
at
io
n
of
ap
pr
ox
im
at
el
y
17
mg
/l
in
2
m.
Th
is
su
gg
es
ts
th
at
th
e
ni
tr
at
e
co
nc
en
tr
at
io
n
in
th
e
gr
ou
nd
-
wa
te
r
is
hi
gh
ly
va
ri
ab
le
in
th
e
la
te
ra
l
di
re
ct
io
n.
Co
ns
id
er
in
g
th
e
ap
pa
re
nt
un
if
or
mi
ty
of
th
e
so
il
s
an
d
th
e
un
if
or
m
la
nd
us
e
in
th
e
vi
ci
ni
ty
of
th
e
ex
pe
ri
me
nt
al
si
te
,
th
is
de
gr
ee
of
va
ri
ab
il
it
y
in
ni
tr
at
e
co
nc
en
-
tr
at
io
n
is
in
de
ed
Su
rp
ri
si
ng
.
An
al
te
rn
at
e
ex
pl
an
at
io
n
is
th
at
th
e
ch
an
ge
s
in
co
nc
en
tr
at
io
n
ar
e
th
e
re
su
lt
of
ch
em
ic
al
fa
ct
or
s.
Th
is
po
s-
si
bi
li
ty
wi
ll
be
ex
pl
or
ed
fu
rt
he
r
in
la
te
r
se
ct
io
ns
.
Fi
gu
re
27
sh
ow
s
th
e
ni
tr
at
e
co
nc
en
tr
at
io
ns
fo
ll
ow
in
g
a
pr
ec
ip
it
at
io
n
ev
en
t
of
2.
5
cm
on
Oc
t.
6,
19
76
.
Of
pa
rt
ic
ul
ar
no
te
in
th
is
di
ag
ra
m
is
th
e
ni
tr
at
e
co
nc
en
tr
at
io
n
at
th
e
66
cm
de
pt
h
in
th
e
fo
re
st
si
te
.
Fo
ll
ow
in
g
an
in
it
ia
l
de
cr
ea
se
,
the
co
nc
en
tr
at
io
n
ro
se
to
24
.5
mg
/l
on
Oc
t.
11.
Co
ns
id
er
in
g
th
e
co
ns
is
ta
nt
ly
lo
w
va
lu
es
at
th
e
33
cm
de
pt
h,
it
is
no
t
ap
pa
re
nt
th
at
th
e
in
cr
ea
se
at
th
e
66
cm
de
pt
h
is
th
e
re
su
lt
of
do
wn
wa
rd
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t
r
a
n
s
l
o
c
a
t
i
o
n
.
M
i
n
e
r
a
l
i
z
a
t
i
o
n
o
f
o
r
g
a
n
i
c
m
a
t
t
e
r
a
p
p
e
a
r
s
t
o
b
e
t
h
e
m
o
s
t
p
r
o
b
a
b
l
e
s
o
u
r
c
e
o
f
t
h
e
n
i
t
r
a
t
e
.
B
a
s
e
d
u
p
o
n
t
h
i
s
d
a
t
a
,
o
n
e
c
o
u
l
d
b
e
l
e
d
t
o
t
h
e
c
o
n
c
l
u
s
i
o
n
t
h
a
t
m
i
n
e
r
a
l
i
z
a
t
i
o
n
o
f
o
r
g
a
n
i
c
m
a
t
t
e
r
m
a
y
r
e
s
u
l
t
i
n
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
c
o
m
p
a
r
a
b
l
e
t
o
t
h
o
s
e
r
e
s
u
l
t
i
n
g
f
r
o
m
f
e
r
t
i
l
i
z
e
r
a
p
p
l
i
c
a
t
i
o
n
.
A
l
t
h
o
u
g
h
t
h
i
s
p
o
s
s
i
b
l
i
t
y
c
a
n
n
o
t
b
e
r
e
f
u
t
e
d
,
i
t
s
h
o
u
l
d
b
e
e
m
p
h
a
s
i
z
e
d
t
h
a
t
t
h
e
d
a
t
a
s
u
p
p
o
r
t
i
n
g
t
h
i
s
p
o
i
n
t
o
f
V
i
e
w
i
s
f
r
o
m
a
s
i
n
g
l
e
s
a
m
p
l
i
n
g
p
o
i
n
t
,
a
n
d
as
w
i
l
l
b
e
d
i
s
c
u
s
s
e
d
l
a
t
e
r
,
a
l
l
g
r
o
u
n
d
w
a
t
e
r
s
a
m
p
l
e
s
c
o
l
l
e
c
t
e
d
fr
om
u
n
c
u
l
t
i
v
a
t
e
d
ar
ea
s
h
a
d
lo
w
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
.
T
h
e
o
r
c
h
a
r
d
a
n
d
p
o
t
a
t
o
s
i
t
e
s
s
h
o
w
l
o
w
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
in
th
e
u
n
s
a
t
u
r
a
t
e
d
zo
ne
f
o
l
l
o
wi
n
g
th
e
r
a
i
n
f
a
l
l
e
ve
n
t
a
n
d
a
d
e
c
r
e
a
s
e
in
th
e
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
in
th
e
s
a
t
u
r
a
t
e
d
zo
ne
.
T
h
i
s
d
e
c
r
e
a
s
e
m
a
y
b
e
th
e
re
su
lt
of
re
ch
ar
ge
of
wa
te
r
at
a
lo
we
r
ni
tr
at
e
co
nc
en
tr
at
io
n.
Th
e
hy
dr
au
li
c
he
ad
an
d
wa
te
r
co
nt
en
t
da
ta
we
re
of
in
su
ff
ic
ie
nt
qu
al
it
y
to
ca
lc
ul
at
e
ra
te
s
of
gr
ou
nd
wa
te
r
re
ch
ar
ge
.
Th
e
da
ta
di
d
sh
ow
ho
we
ve
r,
th
at
th
er
e
wa
s
li
tt
le
re
ch
ar
ge
be
tw
ee
n
Ju
ne
an
d
th
e
en
d
of
Au
gu
st
.
Th
is
wa
s
en
ti
re
ly
an
ti
ci
pa
te
d,
an
d
re
in
fo
rc
es
th
e
ne
ed
to
be
co
nc
er
ne
d
wi
th
th
e
am
ou
nt
of
ni
tr
og
en
av
ai
la
bl
e
fo
r
le
ac
hi
ng
in
th
e
so
il
du
ri
ng
th
e
sp
ri
ng
an
d
fa
ll
mo
nt
hs
.
Fu
rt
he
r
di
sc
us
si
on
of
th
e
un
sa
tu
ra
te
d
zo
ne
st
ud
ie
s
is
gi
ve
n
in
Pu
co
vs
ky
(1
97
7)
.
4.
8
Ni
tr
at
e
Di
st
ri
bu
ti
on
in
Gr
ou
nd
wa
te
r
of
th
e
St
ud
y
Ar
ea
Th
e
re
su
lt
s
of
th
e
ni
tr
at
e
an
al
ys
es
of
gr
ou
nd
wa
te
r
sa
mp
le
s
ar
e
gi
ve
n
in
Ta
bl
e
21
.
Co
nc
en
tr
at
io
ns
ra
ng
e
fr
om
be
lo
w
th
e
li
mi
t
of
de
te
ct
io
n
to
a
ma
xi
mu
m
of
56
mg
/l
-N
.
Th
e
mo
st
st
ri
ki
ng
fe
at
ur
e
of
th
e
dat
a i
s t
he
lar
ge
var
iab
ili
ty
in
bot
h s
pac
e a
nd
tim
e.
4.8.1 Vertical Nitrate Distribution
Fro
m T
abl
e
21
it
can
be
see
n
tha
t w
hen
nit
rat
e
is
pre
sen
t
at
a
par
tic
ula
r
sit
e,
it
occ
urs
onl
y
in
the
upp
er
par
t
of
the
san
d
aqu
ife
r.
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Wi
th
ou
t
ex
ce
pt
io
n,
al
l
gr
ou
nd
wa
te
r
sa
mp
le
s
ta
ke
n
fr
om
th
e
lo
we
r
pa
rt
of
th
e
aq
ui
fe
r
ha
d
ni
tr
at
e
co
nc
en
tr
at
io
ns
le
ss
th
an
1.
0
mg
/l
—N
an
d
th
e
ma
jo
ri
ty
of
va
lu
es
we
re
le
ss
th
an
0.
2
mg
/l
—N
.
Th
e
ve
rt
ic
al
ni
tr
at
e
di
st
ri
bu
ti
on
al
on
g
cr
os
s
se
ct
io
n
A—
A'
fo
r
Au
gu
st
19
76
is
sh
ow
n
in
Fi
gu
re
28
.
By
co
ns
id
er
in
g
th
e
de
ta
il
ed
pi
ez
om
et
er
ne
st
s,
it
ap
pe
ar
s
th
at
th
e
ni
tr
at
e
co
nc
en
tr
at
io
n
is
ge
ne
ra
ll
y
lo
w
at
th
e
wa
te
r
ta
bl
e,
in
cr
ea
se
s
to
a
ma
xi
mu
m
in
th
e
br
ow
n
sa
nd
th
en
de
cr
ea
se
s
to
ne
ar
ze
ro
at
th
e
in
te
rf
ac
e
be
tw
ee
n
th
e
br
ow
n
an
d
gr
ey
sa
nd
.
Wi
th
th
e
ex
ce
pt
io
n
of
re
gi
on
s
wh
er
e
th
e
br
ow
n
sa
nd
is
qu
it
e
th
in
(H
40
,
H4
1)
th
er
e
ap
pe
ar
s
to
be
li
tt
le
ni
tr
at
e
in
th
e
gr
ey
sa
nd
.
Fr
om
Ta
bl
e
21
th
er
e
is
so
me
in
di
ca
-
ti
on
th
at
th
e
lo
w
co
nc
en
tr
at
io
ns
at
th
e
wa
te
r
ta
bl
e
ar
e
ch
ar
ac
te
ri
st
ic
of
la
te
sp
ri
ng
an
d
su
mm
er
va
lu
es
wh
il
e
in
th
e
fa
ll
an
d
ea
rl
y
sp
ri
ng
,
th
e
hi
gh
es
t
co
nc
en
tr
at
io
ns
te
nd
to
oc
cu
r
at
or
ne
ar
th
e
wa
te
rt
ab
le
.
Th
e
sh
ar
p
de
cr
ea
se
in
ni
tr
at
e
co
nc
en
tr
at
io
n
in
go
in
g
fr
om
th
e
sh
al
lo
w
to
de
ep
er
gr
ou
nd
wa
te
r
co
rr
es
po
nd
s
wi
th
th
e
de
cr
ea
se
in
di
ss
ol
ve
d
ox
yg
en
an
d
Eh
di
sc
us
se
d
pr
ev
io
us
ly
.
Th
is
su
gg
es
ts
th
at
th
e
de
cr
ea
se
in
ni
tr
at
e
co
nc
en
tr
at
io
n
co
ul
d
be
th
e
re
su
lt
of
de
ni
tr
if
ic
at
io
n.
Fu
rt
he
r
su
pp
or
t
fo
r
th
is
hy
po
th
es
is
ca
n
be
fo
un
d
in
th
e
re
su
lt
s
of
th
e
me
th
an
e
an
al
ys
es
di
sc
us
se
d
pr
ev
io
us
ly
.
Al
l
sa
mp
le
s
co
nt
ai
ni
ng
me
th
an
e
we
re
fo
un
d
in
re
gi
on
s
in
wh
ic
h
th
er
e
wa
s
li
tt
le
or
no
ni
tr
at
e.
Th
e
pr
es
en
ce
of
me
th
an
e
su
gg
es
ts
th
at
co
nd
it
io
ns
we
re
mo
re
re
du
ci
ng
th
an
is
re
qu
ir
ed
fo
r
de
ni
tr
if
ic
at
io
n
to
oc
cu
r,
an
d
al
so
th
at
th
er
e
is
a
su
ff
ic
ie
nt
en
er
gy
so
ur
ce
(p
os
si
bl
y
di
ss
ol
ve
d
or
ga
ni
c
ma
tt
er
)
pr
es
en
t
to
su
pp
or
t
an
ae
ro
bi
c
ba
ct
er
ia
.
Th
us
th
e
ma
in
co
nd
it
io
ns
re
qu
ir
ed
in
or
de
r
fo
r
de
ni
tr
if
ic
at
io
n
to
pr
oc
ee
d
ap
pe
ar
to
ha
ve
be
en
me
t.
Th
e
ni
tr
at
e
di
st
ri
bu
ti
on
al
on
g
cr
os
s
se
ct
io
n
Ar
A'
ca
n
al
so
be
ex
pl
ai
ne
d
on
th
e
ba
si
s
of
th
e
ph
ys
ic
al
fl
ow
pa
tt
er
n.
Ba
se
d
up
on
th
e
hy
dr
au
li
c
he
ad
di
st
ri
bu
ti
on
an
d
th
e
is
ot
op
e
da
ta
it
wa
s
su
gg
es
te
d
in
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p
r
e
v
i
o
u
s
s
e
c
t
i
o
n
s
t
h
a
t
t
h
e
u
p
p
e
r
g
r
o
u
n
d
w
a
t
e
r
w
a
s
t
h
e
r
e
s
u
l
t
o
f
i
n
f
i
l
t
r
a
t
i
o
n
t
h
r
o
u
g
h
t
h
e
s
o
i
l
z
o
n
e
a
n
d
t
h
e
l
o
w
e
r
g
r
o
u
n
d
w
a
t
e
r
o
r
i
g
i
n
a
t
e
d
a
t
t
h
e
g
r
a
v
e
l
p
i
t
p
o
n
d
.
S
i
n
c
e
t
h
e
g
r
a
v
e
l
p
i
t
p
o
n
d
h
a
d
a
l
o
w
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
,
t
h
i
s
c
o
u
l
d
e
x
p
l
a
i
n
t
h
e
n
i
t
r
a
t
e
d
i
s
t
r
i
b
u
t
i
o
n
a
l
o
n
g
t
h
e
c
r
o
s
s
s
e
c
t
i
o
n
.
T
h
i
s
e
x
p
l
a
n
a
t
i
o
n
h
a
s
t
w
o
b
a
s
i
c
w
e
a
k
n
e
s
s
e
s
.
I
t
i
s
n
o
t
c
o
n
c
e
i
v
a
b
l
e
t
h
a
t
t
h
e
s
h
a
r
p
d
i
v
i
s
i
o
n
b
e
t
w
e
e
n
h
i
g
h
a
n
d
l
o
w
n
i
t
r
a
t
e
w
a
t
e
r
,
i
f
c
a
u
s
e
d
b
y
a
n
e
f
f
e
c
t
a
t
t
h
e
t
o
p
o
f
t
h
e
c
r
o
s
s
s
e
c
t
i
o
n
,
w
o
u
l
d
b
e
m
a
i
n
t
a
i
n
e
d
o
v
e
r
t
h
e
e
n
t
i
r
e
l
e
n
g
t
h
o
f
t
h
e
c
r
o
s
s
s
e
c
t
i
o
n
,
a
d
i
s
t
a
n
c
e
o
f
a
p
p
r
o
x
i
m
a
t
e
l
y
1
.
5
k
m
.
A
s
a
c
o
n
s
e
q
u
e
n
c
e
o
f
d
i
s
p
e
r
s
i
o
n
,
o
n
e
w
o
u
l
d
e
x
p
e
c
t
t
h
e
u
p
p
e
r
a
n
d
l
o
w
e
r
w
a
t
e
r
s
t
o
b
e
t
h
o
r
o
u
g
h
l
y
m
i
x
e
d
w
e
l
l
b
e
f
o
r
e
i
t
r
e
a
c
h
e
d
t
h
e
s
t
r
e
a
m
.
T
h
e
e
f
f
e
c
t
o
f
d
i
s
p
e
r
s
i
o
n
w
i
l
l
b
e
i
n
v
e
s
t
i
g
a
t
e
d
f
u
r
t
h
e
r
i
n
t
h
e
s
e
c
t
i
o
n
d
e
a
l
i
n
g
w
i
t
h
t
h
e
m
a
t
h
e
m
a
t
i
c
a
l
.
m
o
d
e
l
i
n
g
s
t
u
d
i
e
s
.
I
n
a
d
d
i
t
i
o
n
t
o
t
h
e
p
o
s
s
i
b
l
e
e
f
f
e
c
t
s
o
f
d
i
s
p
e
r
s
i
o
n
,
s
a
m
p
l
i
n
g
l
o
c
a
t
i
o
n
s
w
h
i
c
h
a
r
e
n
o
t
b
e
l
i
e
v
e
d
t
o
b
e
u
n
d
e
r
t
h
e
i
n
f
l
u
e
n
c
e
o
f
g
r
a
v
e
l
p
i
t
p
o
n
d
s
(
H
1
5
,
H
3
7
,
H
3
8
,
H
2
5
,
H
6
7
)
s
h
o
w
t
r
e
n
d
s
i
n
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
m
i
l
a
r
t
o
t
h
o
s
e
o
b
s
e
r
v
e
d
a
l
o
n
g
c
r
o
s
s
s
e
c
t
i
o
n
A
-
A
'
.
A
n
e
x
p
l
a
n
a
t
i
o
n
b
a
s
e
d
o
n
w
a
t
e
r
s
o
u
r
c
e
i
s
n
o
t
a
p
p
r
o
p
r
i
a
t
e
at these locations.
A
t
t
h
e
p
r
e
s
e
n
t
t
i
m
e
,
w
e
b
e
l
i
e
v
e
t
h
e
e
v
i
d
e
n
c
e
t
o
s
t
r
o
n
g
l
y
f
a
v
o
u
r
d
e
n
i
t
r
i
f
i
c
a
t
i
o
n
as
an
e
x
p
l
a
n
a
t
i
o
n
o
f
t
h
e
v
e
r
t
i
c
a
l
n
i
t
r
a
t
e
d
i
s
t
r
i
b
u
t
i
o
n
.
S
h
o
ul
d
th
is
i
n
d
e
e
d
b
e
th
e
s
i
t
ua
t
i
o
n
,
th
e
c
o
n
s
e
q
ue
n
c
e
s
ar
e
fa
r
r
e
a
c
h
i
n
g
.
W
i
t
h
r
e
s
p
e
c
t
to
t
h
i
s
s
t
u
d
y
it
w
o
u
l
d
n
o
l
o
n
g
e
r
b
e
m
e
a
n
i
n
g
f
u
l
to
s
i
m
u
l
a
t
e
t
h
e
t
r
a
n
s
p
o
r
t
o
f
n
i
t
r
a
t
e
as
a
n
o
n
-
r
e
a
c
t
i
v
e
s
o
l
u
t
e
.
S
i
n
c
e
t
h
e
r
e
is
n
o
q
u
a
n
t
i
t
a
t
i
v
e
i
n
f
o
r
m
a
t
i
o
n
c
o
n
c
e
r
n
i
n
g
th
e
r
e
a
c
t
i
o
n
ra
te
s
or
c
o
n
t
r
o
l
l
i
n
g
pa
ra
me
te
rs
wi
th
in
th
e
st
ud
y
ar
ea
,
it
wo
ul
d
be
vi
rt
ua
ll
y
im
po
ss
ib
le
to
Si
mu
la
te
th
e
tr
an
sp
or
t
pr
oc
es
s.
On
a
br
oa
de
r
sc
al
e,
sh
ou
ld
de
ni
tr
if
ic
a—
ti
on
be
id
en
ti
fi
ed
as
a
si
gn
if
ic
an
t
pr
oc
es
s
in
gr
ou
nd
wa
te
rs
,
th
en
so
il
ni
tr
og
en
ba
la
nc
es
co
ul
d
si
gn
if
ic
an
tl
y
ov
er
es
ti
ma
te
th
e
am
ou
nt
of
ni
tr
at
e
tr
an
sp
or
te
d
by
gr
ou
nd
wa
te
r
to
su
rf
ac
e
wa
te
rs
.
In
ad
di
ti
on
,
fr
om
an
 53
un
de
rs
ta
nd
in
g
of
th
e
co
nd
it
io
ns
wh
ic
h
pr
om
ot
e
de
ni
tr
if
ic
at
io
n
in
gr
ou
nd
-
wa
te
rs
,
it
ma
y
be
po
ss
ib
le
to
re
du
ce
gr
ou
nd
wa
te
r
di
sc
ha
rg
es
of
ni
tr
at
e.
In
Vi
ew
of
th
e
po
ss
ib
le
co
ns
eq
ue
nc
es
,
in
th
e
fo
ll
ow
in
g
se
ct
io
ns
pa
rt
ic
ul
ar
at
te
nt
io
n
wi
ll
be
gi
ve
n
to
ev
id
en
ce
pe
rt
ai
ni
ng
to
th
e
de
ni
tr
if
ic
at
io
n
question.
4.
8.
2
Pl
an
Vi
ew
Ni
tr
at
e
Di
st
ri
bu
ti
on
Fi
gu
re
s
29
an
d
30
sh
ow
th
e
pl
an
vi
ew
ni
tr
at
e
di
st
ri
bu
ti
on
as
de
te
rm
in
ed
fr
om
th
e
wa
te
r
ta
bl
e
ob
se
rv
at
io
n
we
ll
s
fo
r
Ap
ri
l
26
,
l9
76
an
d
Au
gu
st
10
,
19
76
.
In
Vi
ew
of
th
e
ve
rt
ic
al
va
ri
ab
il
it
y
di
sc
us
se
d
ab
ov
e,
it
is
di
ff
ic
ul
t
to
de
vi
se
a
me
an
in
gf
ul
wa
y
to
re
pr
es
en
t
th
e
pl
an
Vi
ew
va
ri
ab
il
it
y.
Th
at
is
,
th
e
co
nc
en
tr
at
io
n
us
ed
in
th
e
pl
an
vi
ew
re
pr
es
en
ta
ti
on
wo
ul
d
be
a
fu
nc
ti
on
of
th
e
de
pt
h
be
lo
w
th
e
wa
te
r
ta
bl
e
fr
om
wh
ic
h
th
e
sa
mp
le
wa
s
ta
ke
n.
A
we
ig
ht
ed
me
an
co
nc
en
-
tr
at
io
n
wo
ul
d
pr
ob
ab
ly
be
mo
st
me
an
in
gf
ul
bu
t
wo
ul
d
al
so
be
ex
tr
em
el
y
ti
me
co
ns
um
in
g
to
de
ri
ve
.
Th
e
wa
te
r
ta
bl
e
ob
se
rv
at
io
n
we
ll
s
ha
d
in
ta
ke
zo
ne
s
ap
pr
ox
im
at
el
y
1.
5
m
in
le
ng
th
,
an
d
al
th
ou
gh
th
e
to
p
of
th
e
in
ta
ke
zo
ne
wa
s
ge
ne
ra
ll
y
ab
ov
e
th
e
wa
te
r
ta
bl
e,
it
wa
s
fe
lt
th
at
th
e
an
al
ys
es
fr
om
th
es
e
we
ll
s
wo
ul
d
re
pr
es
en
t
so
me
in
te
gr
at
ed
va
lu
e
of
th
e
sh
al
lo
w
gr
ou
nd
wa
te
r.
Fu
rt
he
r
di
ff
ic
ul
ty
in
th
e
in
te
rp
re
ta
ti
on
of
th
e
pl
an
Vi
ew
ni
tr
at
e
va
lu
es
re
su
lt
s
fr
om
th
e
pr
ob
le
m
of
we
ll
pl
ac
e—
me
nt
.
Th
e
ob
se
rv
at
io
n
we
ll
s
we
re
in
st
al
le
d
wi
th
in
th
e
bo
un
da
ri
es
of
th
e
cu
lt
iv
at
ed
fi
el
ds
wh
er
e
po
ss
ib
le
,
al
on
g
te
mp
or
ar
y
dr
iv
ew
ay
s
be
tw
ee
n
fi
el
ds
or
in
gr
as
se
d
ar
ea
s
im
me
di
at
el
y
ad
ja
ce
nt
to
th
e
fi
el
ds
.
Be
ca
us
e
of
th
e
la
te
ra
l
mo
ve
me
nt
of
gr
ou
nd
wa
te
r,
it
wa
s
be
li
ev
ed
th
at
we
ll
s
lo
ca
te
d
in
un
cu
lt
iv
at
ed
ar
ea
s
ad
ja
ce
nt
to
bu
t
do
wn
st
re
am
of
cu
lt
iv
at
ed
ar
ea
s
wo
ul
d
gi
ve
ni
tr
at
e
co
nc
en
tr
at
io
ns
re
pr
es
en
ta
ti
ve
of
th
e
cu
lt
iv
at
ed
ar
ea
s,
Al
th
ou
gh
th
is
is
pr
ob
ab
ly
tr
ue
,
th
e
la
nd
us
e
im
me
di
at
el
y
ab
ov
e
th
e
sa
mp
li
ng
po
in
t
wi
ll
ha
ve
so
me
ef
fe
ct
on
th
e
sh
al
lo
w
gr
ou
nd
wa
te
r
at
th
at
po
in
t.
54
A
c
k
n
o
w
l
e
d
g
i
n
g
a
d
e
g
r
e
e
o
f
a
m
b
i
g
u
i
t
y
r
e
s
u
l
t
i
n
g
f
r
o
m
t
h
e
m
e
t
h
o
d
s
of
r
e
p
r
e
s
e
n
t
a
t
i
o
n
as
w
e
l
l
as
t
h
e
l
o
c
a
t
i
o
n
o
f
t
h
e
w
e
l
l
s
,
F
i
g
u
r
e
s
29
a
n
d
30
S
h
o
w
a
h
i
g
h
d
e
g
r
e
e
of
v
a
r
i
a
b
i
l
i
t
y
i
n
t
h
e
p
l
a
n
V
i
e
w
n
i
t
r
a
t
e
d
i
s
t
r
i
b
u
t
i
o
n
.
A
t
t
e
m
p
t
i
n
g
to
r
e
l
a
t
e
th
e
n
i
t
r
a
t
e
d
i
s
t
r
i
b
u
t
i
o
n
to
l
a
n
d
us
e
is
l
a
b
o
r
i
o
us
an
d
r
e
q
ui
r
e
s
a
c
o
m
p
a
r
i
s
o
n
F
i
g
ur
e
s
3,
24
an
d
29
.
In
m
a
k
i
n
g
th
es
e
c
o
m
p
a
r
i
s
o
n
s
,
it
is
a
s
s
um
e
d
th
at
th
e
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
in
th
e
s
h
a
l
l
o
w
g
r
o
u
n
d
w
a
t
e
r
in
Ap
ri
l
19
76
re
pr
es
en
t
th
e
in
fl
ue
nc
e
of
th
e
19
75
la
nd
us
e
pr
ac
ti
ce
s.
Fi
gu
re
29
sh
ow
s
tw
o
va
lu
es
ex
ce
ed
in
g
40
mg
/l
—
N,
47
.0
at
H4
2
an
d
46
.9
at
H1
9.
H4
2
is
lo
ca
te
d
ad
ja
ce
nt
to
a
to
ba
cc
o
fi
el
d
in
th
e
no
rt
h-
we
st
po
rt
io
n
of
th
e
st
ud
y
ar
ea
wh
il
e
H1
9
is
lo
ca
te
d
in
a
fe
nc
e
ro
w
be
tw
ee
n
a
po
ta
to
an
d
a
to
ba
cc
o
fi
el
d
in
th
e
so
ut
h—
ea
st
pa
rt
of
th
e
st
ud
y
ar
ea
.
H3
2,
wh
ic
h
is
lc
oa
te
d
in
a
to
ba
cc
o
fi
el
d
in
th
e
no
rt
h—
we
st
pa
rt
of
th
e
st
ud
y
ar
ea
ha
s
a
co
nc
en
tr
at
io
n
of
28
.7
mg
/1
-
El
ev
en
si
te
s
sh
ow
ni
tr
at
e
co
nc
en
tr
at
io
ns
be
tw
ee
n
10
an
d
20
mg
/l
—
N
an
d
th
es
e
ap
pe
ar
to
be
fa
ir
ly
ev
en
ly
di
st
ri
bu
te
d
be
tw
ee
n
to
ba
cc
o
an
d
po
ta
to
la
nd
us
e
ar
ea
s.
Si
te
s
lo
ca
te
d
in
or
ch
ar
ds
su
ch
as
H2
7
an
d
H3
5
ge
ne
ra
ll
y
sh
ow
co
nc
en
tr
at
io
ns
le
ss
th
an
2
mg
/l
-
N
wh
il
e
si
te
s
in
un
cu
lt
iv
at
ed
ar
ea
s
su
ch
as
H5
4
ge
ne
ra
ll
y
sh
ow
ni
tr
at
e
co
nc
en
tr
at
io
ns
le
ss
th
an
0.
5
mg
/l
.
Th
us
th
er
e
ap
pe
ar
s
to
be
a
ge
ne
ra
l
co
rr
el
at
io
n
be
tw
ee
n
la
nd
us
e
an
d
th
e
co
nc
en
tr
at
io
n
of
ni
tr
at
e
in
th
e
gr
ou
nd
wa
te
r.
Ho
we
ve
r,
al
th
ou
gh
th
e
ra
te
of
ni
tr
og
en
ap
pl
ic
at
io
n
to
po
ta
to
es
is
in
ex
ce
ss
of
tw
ic
e
th
at
ap
pl
ie
d
to
to
ba
cc
o,
th
er
e
do
es
no
t
ap
pe
ar
to
be
a
si
gn
if
ic
an
t
di
ff
er
en
ce
in
the
nit
rat
e c
onc
ent
rat
ion
of
gro
und
wat
er
ben
eat
h t
he
two
lan
d u
se
are
as.
In
add
iti
on,
the
nit
rat
e c
onc
ent
rat
ion
in
gro
und
wat
er
ben
eat
h
orch
ards
was
cons
ider
ably
less
than
the
conc
entr
atio
n be
low
toba
cco
fields; however, the rates of nitrogen application are similar. Thus,
although the nitrogen concentration in the groundwater appears to be
related to land use, it does not appear to be directlyrelated to the
rate of fertilizer application.
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The face that there does appear to be a relationship between
nitr
ate
conc
entr
atio
n an
d la
nd u
se i
s, i
n it
self
, r
evea
ling
. B
ased
upon
our
orig
inal
conc
ept
of n
itra
te m
igra
tion
, hi
gh n
itra
te w
ater
woul
d
rech
arge
in c
ulti
vate
d ar
eas
and
trav
el l
ater
ally
in t
he g
roun
dwat
er
flow
syst
em.
As a
resu
lt,
the
grou
ndwa
ter
bene
ath
orch
ards
or u
ncul
tiva
ted
areas which are located down stream of cultivated areas would have nitrate
concentrations similar to those observed beneath the cultivated fields.
This is generally not the case. For example, H10, 14, 27, and 35 are all
located in orchards or uncultivated areas, but are immediately downstream
of high nitrate areas. The highest concentration at these sites was
3 mg/l -N (from Figure 29).
The high degree of variability in the nitrate concentration within
the same land use area and the rapid change in concentration in going
from one land use area to adjacent areas places further doubt upon the
assumption that nitrate is non—reactive in the saturated zone of the
study area.
4.8
.3
Tem
por
al
Var
iab
ili
ty
in
the
Nit
rat
e c
onc
ent
rat
ion
s
Tab
le
21
sho
ws
con
sid
era
ble
tem
por
al
var
iab
ili
ty
in
the
gro
und
wat
er
nit
rat
e c
onc
ent
rat
ion
.
It
can
be
sai
d h
owe
ver
tha
t a
lth
oug
h t
he
abs
olu
te
val
ues
cha
nge
,
sam
pli
ng
poi
nts
whi
ch
wer
e h
igh
in
nit
rat
e w
ere
con
sis
tan
tly
hig
h w
hil
e s
amp
lin
g p
oin
ts
whi
ch
wer
e l
ow
wer
e c
ons
ist
ant
ly
low
.
As
a r
esu
lt
of
the
lar
ge
var
iab
ili
ty
obs
erv
ed
in
dat
a c
oll
ect
ed
on
a m
ont
hly
int
erv
al,
sev
en
pie
zom
ete
rs
wer
e m
oni
tor
ed
dai
ly
for
a p
eri
od
of
16
day
s i
n o
rde
r t
o e
xam
ine
the
sho
rt—
ter
m v
ari
ati
ons
.
The
res
ult
s o
f
thi
s i
nve
sti
gat
ion
are
sho
wn
in
Fig
ure
31
for
two
pie
zom
ete
rs.
No
lar
ge
sho
rt—
ter
m v
ari
ati
ons
wer
e o
bse
rve
d a
nd
the
tre
nds
obs
erv
ed
dur
ing
the
sho
rt—
ter
m s
amp
lin
g p
rog
ram
me
app
ear
ed
to
fit
int
o t
he
tre
nds
obs
erv
ed
in the regular sampling programme.
 S6
T
h
e
s
e
a
s
o
n
a
l
t
r
e
n
d
s
a
r
e
n
o
t
c
o
n
s
i
s
t
e
n
t
w
i
t
h
a
l
l
s
a
m
p
l
i
n
g
p
o
i
n
t
s
;
h
o
w
e
v
e
r
,
th
e
h
i
g
h
e
s
t
va
l
ue
s
te
nd
to
o
c
c
ur
in
th
e
fa
ll
an
d
sp
ri
ng
,
c
o
r
r
e
s
—
p
o
n
d
i
n
g
to
t
h
e
p
e
r
i
o
d
s
of
m
a
x
i
m
u
m
r
e
c
h
a
r
g
e
.
U
n
f
o
r
t
u
n
a
t
e
l
y
,
t
h
e
r
e
is
n
o
da
ta
fo
r
th
e
wi
nt
er
pe
ri
od
.
4
.
8
.
4
N
i
t
r
a
t
e
i
n
G
r
o
u
n
d
w
a
t
e
r
S
t
o
r
a
g
e
T
h
e
n
i
t
r
a
t
e
in
g
r
o
un
d
wa
t
e
r
s
t
o
r
a
g
e
wa
s
c
o
m
p
u
t
e
d
o
ve
r
th
e
s
t
ud
y
a
r
e
a
by
ma
ki
ng
th
e
as
su
mp
ti
on
th
at
,
un
le
ss
in
di
ca
te
d
by
de
ta
il
ed
pi
ez
om
et
er
ne
st
s,
th
e
ni
tr
at
e
co
nc
en
tr
at
io
n
in
th
e
gr
ey
sa
nd
s
wa
s
ze
ro
.
Ba
se
d
up
on
th
e
da
ta
of
Ta
bl
e
21
,
th
is
as
su
mp
ti
on
ap
pe
ar
s
re
as
on
ab
le
.
Wi
th
th
e
ex
ce
pt
io
n
of
th
e
de
ta
il
ed
ne
st
s,
th
e
on
ly
me
an
s
by
wh
ic
h
th
e
ni
tr
at
e
co
nc
en
tr
at
io
n
in
th
e
br
ow
n
sa
nd
s
co
ul
d
be
de
te
rm
in
ed
wa
s
fr
om
th
e
ni
tr
at
e
co
nc
en
tr
at
io
ns
in
th
e
wa
te
r—
ta
bl
e
ob
se
rv
at
io
n
we
ll
s.
Th
es
e
co
nc
en
tr
at
io
ns
ar
e
av
er
ag
es
ov
er
th
e
in
ta
ke
zo
ne
s
of
th
e
we
ll
s.
Wh
en
th
e
ob
se
rv
at
io
n
we
ll
pe
ne
tr
at
ed
th
e
gr
ey
sa
nd
,
th
e
ni
tr
at
e
co
nc
en
tr
at
io
n
ov
er
th
e
en
ti
re
we
ll
in
ta
ke
wa
s
as
su
me
d
to
be
re
pr
es
en
ta
ti
ve
of
th
e
br
ow
n
sa
nd
s.
Wh
en
th
e
ob
se
rv
at
io
n
we
ll
di
d
no
t
fu
ll
y
pe
ne
tr
at
e
th
e
sa
tu
ra
te
d
br
ow
n
sa
nd
th
e
ni
tr
at
e
co
nc
en
tr
at
io
n
of
th
e
ob
se
rv
at
io
n
we
ll
wa
s
ap
pl
ie
d
pr
op
or
ti
on
at
el
y
ov
er
th
e
re
ma
in
in
g
th
ic
kn
es
s
of
br
ow
n
sa
nd
.
An
ar
ea
of
in
fl
ue
nc
e
wa
s
co
ns
tr
uc
te
d
ab
ou
t
ea
ch
wa
te
r-
ta
bl
e
ob
se
rv
at
io
n
we
ll
as
sh
ow
n
in
Fi
gu
re
32
.
Th
e
to
ta
l
ni
tr
at
e
in
gr
ou
nd
wa
te
r
st
or
ag
e
wa
s
ca
lc
ul
at
ed
fr
om
:
(N
03
—
NS
)
—
Ai
(N
03
NB
)x
SB
x(
3.
8
x
10
—4
)
i=1
wh
er
e:
(N
O3
-
NS
)
=
th
e
to
ta
l
ni
tr
at
e
in
gr
ou
nd
wa
te
r
st
or
ag
e
(kg
N):
A1
=
th
e
ar
ea
of
in
fl
ue
nc
e
of
th
e
pi
ez
om
et
er
ne
st
(m2),
(N
03
-
NB
)
=
th
e
ni
tr
at
e
co
nc
en
tr
at
io
n
of
th
e
br
ow
n
sa
nd
at
th
e
pi
ez
om
et
er
ne
st
(m
g/
l—
N)
,
, , __ _’—__—__————J‘‘
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SB I the saturated thickness of the brown sand (m),
—4
(3.8 X 10 )= a correction factor to convert mg to kg,
litres to cubic meters, and to account for
an assumed porosity of 0.38,
n = the numbers of areas of influence.
The areas of influence for-each section in Figure 32 are listed
in T
able
23.
(N03
— N
), a
nd
(NO3
-NS)
were
calc
ulat
ed f
or A
pril
24,
B
1976 (Table 24) and July 6, 1976 (Table 25). These dates were chosen
sinc
e th
ey r
epre
sent
two
diff
eren
t se
ason
s a
nd a
lso
sinc
e th
ey w
ere
the
only
date
s fo
r wh
ich
both
comp
lete
nitr
ate
data
and
wate
r le
vel
reco
rds
were
avai
labl
e.
The
tota
l ni
trat
e in
grou
ndwa
ter
stor
age
was
17,437 kg N on April 24 and 14,539 kg N on July 6.
The data suggests that there is a slight decrease in the total
amou
nt o
f ni
trat
e in
grou
ndwa
ter
stor
age
from
earl
y sp
ring
to m
id s
umme
r.
This
is i
n ge
nera
l ag
reem
ent
with
the
obse
rved
decr
ease
in n
itra
te c
once
n—
tration. Averaging the spring and summer values and dividing by the
area shows that there are approximately 91 kg N/ha of nitrate in
groundwater storage in the study area. This is approximately twice
the amount of nitrate calculated to be available for leaching on the
basis of the soil nitrogen balance.
4.9 Nitrate Concentration in Hillman Creek
The results of nitrate analyses'of water samples collected from
Hillman Creek are listed in Table 22 and are shown graphically in Figure 33.
It is evident that the nitrate concentration decreases in the downstream
direction at most sampling times. The decrease in concentration could
be the result of:
(l) dilution by groundwater which is lower in NO3_—N
(2) denitrification along the reach of the stream
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(3
)
up
ta
ke
of
ni
tr
at
e
by
ph
re
at
op
hy
te
s
an
d
ba
ct
er
ia
l
fi
lm
s
(4
)
di
ff
us
io
n
in
to
th
e
st
re
am
be
d.
Si
nc
e
th
e
st
re
am
pr
oc
es
se
s
we
re
be
yo
nd
th
e
sc
op
e
of
th
is
st
ud
y,
th
er
e
is
li
tt
le
in
fo
rm
at
io
n
up
on
wh
ic
h
to
se
le
ct
th
e
ap
pr
op
ri
at
e
me
ch
an
is
m.
Fr
om
Fi
gu
re
33
,
it
ap
pe
ar
s
th
at
th
e
do
wn
st
re
am
de
cr
ea
se
in
th
e
ni
tr
at
e
co
nc
en
—
tr
at
io
n
is
qu
it
e
pr
on
ou
nc
ed
in
th
e
fa
ll
(N
ov
19
75
)
an
d
ea
rl
y
sp
ri
ng
(A
pr
il
19
76
).
Th
es
e
co
rr
eS
po
nd
to
pe
ri
od
s
of
lo
w
bi
ol
og
ic
al
ac
ti
vi
ty
su
gg
es
ti
ng
th
at
th
e
ob
se
rv
ed
co
nc
en
tr
at
io
n
ch
an
ge
s
ar
e
th
e
re
su
lt
of
ph
ys
ic
al
fa
ct
or
s.
Th
e
fl
ow
pa
tt
er
ns
of
Fi
gu
re
s
14
an
d
15
in
di
ca
te
th
at
th
e
no
rt
h-
so
ut
h
re
ac
h
of
th
e
st
re
am
ha
s
li
tt
le
in
fl
ue
nc
e
on
th
e
gr
ou
nd
wa
te
r
fl
ow
di
re
ct
io
n.
It
ca
n
th
er
ef
or
e
be
hy
po
th
es
iz
ed
th
at
on
ly
th
e
ve
ry
sh
al
lo
w
(n
it
ra
te
ri
ch
)
gr
ou
nd
wa
te
r
is
di
sc
ha
rg
in
g
to
th
e
st
re
am
in
th
is
re
gi
on
,
an
d
th
at
th
e
wa
te
r
lo
w
in
ni
tr
at
e
is
pa
ss
in
g
be
ne
at
h
th
e
st
re
am
.
Al
on
g
th
e
ea
st
—w
es
t
re
ac
h
of
th
e
st
re
am
,
gr
ou
nd
wa
te
r
is
co
nv
er
gi
ng
on
th
e
st
re
am
fr
om
bo
th
si
de
s
an
d
th
us
bo
th
th
e
up
pe
r
an
d
lo
we
r
gr
ou
nd
wa
te
r
zo
ne
s
mu
st
be
di
sc
ha
rg
in
g.
Th
e
lo
we
r
gr
ou
nd
wa
te
r,
wh
ic
h
ha
s
a
ve
ry
lo
w
ni
tr
at
e
co
nc
en
tr
at
io
n
th
er
ef
or
e
re
su
lt
s
in
th
e
di
lu
ti
on
of
th
e
ni
tr
at
e
in
th
e
st
re
am
.
Th
is
hy
po
th
es
is
has
bee
n s
upp
ort
ed
by
det
ail
ed
cro
ss
sec
tio
ns
of
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en
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le
22.
The
onl
y m
ajo
r
til
e d
rai
n
inthe study area is immediately downstream of the H25 stream sampling
point. The nitrate concentration of the tile drain effluent is the
same as or slightly less than that of the stream (Table 22) and so will
not dilute the nitrate concentrations in the stream to any great extent.
Seasonal variations in the nitrate concentrations at various
locations along Hillman Creek can be seen in Figure 33. Throughout the
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r—l
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l
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Hil
lma
n C
ree
k a
t H
44
(Fi
gur
e 3
) t
o t
he
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rm
of
Oct
obe
r 6
, 1
976
is
sho
wn
in F
igur
e 34
. A
rapi
d ri
se i
n th
e wa
ter
tabl
e of
9 cm
occu
rred
two
days
aft
er
the
eve
nt
and
thi
s w
as
fol
low
ed
by
a g
rad
ual
dec
lin
e.
Bec
aus
e
of
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hom
oge
nei
ty
of
the
san
ds
it
see
ms
rea
son
abl
e t
o e
xpe
ct
thi
s
hydrograph to be typical of what occurred along the stream bank during
and
afte
r th
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orm
even
t.
This
incr
ease
d hy
drau
lic
grad
ient
in t
he
shallow groundwater may cause an increased groundwater discharge in the
vicinity of the stream which could result in increased nitrate discharge
from the shallow groundwater. From Figure 33 an increased nitrate dis—
charge continues for several days after an event and could coincide
with the increased groundwater discharge over the same period.
Although the data is sparce it appears that an increased
hydraulic gradient in the shallow groundwater could account for the
increase in the No3_-N concentration found in Hillman Creek as a result
of a storm event. This subject will be dealt with in greater detail
in Part III of this report.
4.10 Nitrate Loading to Hillman Creek
4.10.1 Nitrate Discharge at the Weir
The nitrate discharge at the weir can be calculated directly
from discharge and nitrate concentration measurements. Nitrate con-
centrations at the weir were measured during the 1976 field season as
reported in Table 22.
Stream discharge values were calculated from
the stream hydrograph and stream velocity measurements.
Both nitrate
concentration and stream discharge are shown in Figure 35 as functions
of time.
Combining the stream discharge values with the nitrate con-
centrations
for
the same
time
period
gives
the nitrate
discharge
(ng0,
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m
e
t
e
r
n
e
s
t
s
H
2
5
a
n
d
H
3
8
w
h
i
c
h
a
r
e
a
p
p
r
o
x
i
m
a
t
e
l
y
4
0
m
a
p
a
r
t
b
u
t
h
a
v
e
n
i
t
r
a
t
e
v
a
l
u
e
s
d
i
f
f
e
r
i
n
g
b
y
a
f
a
c
t
o
r
o
f
4
(
T
a
b
l
e
2
1
)
.
T
h
i
s
p
r
o
b
l
e
m
i
s
p
a
r
t
i
c
u
l
a
r
l
y
t
r
o
u
b
l
e
s
o
m
e
i
n
a
r
e
a
s
w
h
e
r
e
n
o
n
i
t
r
a
t
e
d
a
t
a
i
s
a
v
a
i
l
a
b
l
e
a
n
d
v
a
l
u
e
s
m
u
s
t
b
e
e
x
t
r
a
p
o
l
a
t
e
d
f
r
o
m
d
i
s
t
a
n
t
p
i
e
z
o
m
e
t
e
r
n
e
s
t
s
.
T
h
i
s
i
s
t
h
e
c
a
s
e
i
n
t
h
e
a
r
e
a
t
o
t
h
e
w
e
s
t
o
f
H
i
l
l
m
a
n
C
r
e
e
k
b
e
t
w
e
e
n
p
i
e
z
o
m
e
t
e
r
n
e
s
t
s
H
5
2
a
n
d
H
1
5
a
n
d
t
h
e
a
r
e
a
t
o
t
h
e
s
o
u
t
h
o
f
Hillman Creek.
T
h
e
c
a
l
c
u
l
a
t
e
d
d
i
s
c
h
a
r
g
e
i
s
h
i
g
h
l
y
s
e
n
s
i
t
i
v
e
t
o
e
r
r
o
r
s
i
n
t
h
e
e
s
t
i
m
a
t
e
o
f
h
y
d
r
a
u
l
i
c
c
o
n
d
u
c
t
i
v
i
t
y
.
E
v
e
n
t
h
o
u
g
h
s
e
v
e
r
a
l
c
o
n
d
u
c
t
i
v
i
t
y
m
e
a
s
u
r
e
m
e
n
t
s
w
e
r
e
m
a
d
e
,
i
t
w
o
u
l
d
b
e
d
i
f
f
i
c
u
l
t
t
o
h
a
v
e
c
o
n
f
i
d
e
n
c
e
i
n
t
h
e
d
e
t
e
r
m
i
n
e
d
v
a
l
u
e
g
r
e
a
t
e
r
t
h
a
n
i
_
x
2.
F
o
r
t
h
i
s
r
e
a
s
o
n
,
u
n
c
e
r
t
a
i
n
t
y
i
n
K
i
s
p
r
o
b
a
b
l
y
t
h
e
g
r
e
a
t
e
s
t
r
e
a
s
o
n
f
o
r
u
n
c
e
r
t
a
i
n
t
y
i
n
t
h
e
c
a
l
c
u
l
a
t
e
d
discharge values.
D
u
r
i
n
g
b
a
s
e
f
l
o
w
o
n
l
y
o
n
e
m
a
j
o
r
d
r
a
i
n
a
g
e
t
i
l
e
d
i
s
c
h
a
r
g
e
s
t
o
H
i
l
l
m
a
n
C
r
e
e
k
.
I
t
is
l
o
c
a
t
e
d
n
e
a
r
p
i
e
z
o
m
e
t
e
r
n
e
s
t
H
2
5
a
n
d
c
a
n
b
e
s
e
e
n
i
n
F
i
g
u
r
e
1
8
.
T
h
e
d
i
s
c
h
a
r
g
e
v
e
l
o
c
i
t
y
a
t
t
h
e
c
e
n
t
e
r
o
f
t
h
e
t
i
l
e
d
r
a
i
n
w
a
s
m
e
a
s
u
r
e
d
u
s
i
n
g
an
O
t
t
f
l
o
w
n
m
t
e
r
a
n
d
a
p
p
l
i
e
d
o
v
e
r
t
h
e
a
r
e
a
o
f
t
h
e
t
i
l
e
d
r
a
i
n
(
8
1
.
7
cm
)
t
o
y
i
e
l
d
a
d
i
s
c
h
a
r
g
e
o
f
2
.
5
X
1
0
’
3
m
3
/
s
e
c
.
W
h
e
n
t
h
e
d
i
s
c
h
a
r
g
e
w
a
s
c
o
m
b
i
n
e
d
w
i
t
h
t
h
e
a
v
e
r
a
g
e
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
th
e
t
i
l
e
d
r
a
i
n
(4
.5
m
g
/
l
—N
,
T
a
b
l
e
22
)
t
h
e
n
i
t
r
a
t
e
l
o
a
d
i
n
g
to
H
i
l
l
m
a
n
C
r
e
e
k
f
r
o
m
th
e
ti
le
d
r
a
i
n
wa
s
c
a
l
c
u
l
a
t
e
d
to
b
e
in
th
e
o
r
d
e
r
of
44
k
g
N
/
ye
a
r
.
Th
is
is
m
i
n
o
r
w
i
t
h
r
e
s
p
e
c
t
to
th
e
N
0
3
~N
l
o
a
d
i
n
g
f
r
o
m
g
r
o
un
d
-
water .
 
 I
1
65 :1
1
Co
ns
id
er
in
g
th
e
an
nu
al
di
sc
ha
rg
e
ra
te
to
be
th
e
me
an
of
th
e
tw
o
ca
lc
ul
at
ed
va
lu
es
,
th
e
ni
tr
at
e
di
sc
ha
rg
e
to
th
e
st
re
am
wo
ul
d
be
1,
24
4
kg
N/
yr
.
Co
ns
id
er
in
g
th
e
sa
me
un
ce
rt
ai
nt
y
an
d
li
mi
ts
in
th
e
co
nt
ri
bu
ti
ng
ar
ea
as
di
sc
us
se
d
in
se
ct
io
n
4.
10
.1
,
th
e
ni
tr
og
en
lE
ad
in
g
to
th
e
st
re
am
wo
ul
d
be
be
tw
ee
n
2.
3
an
d
12
kg
/h
a/
yr
.
4.
10
.3
Ni
tr
at
e
Di
sc
ha
rg
e
Ba
se
d
on
Gr
ou
nd
wa
te
r
Re
si
de
nc
e
Ti
me
Ba
se
d
up
on
th
e
tr
it
iu
m
da
ta
,
it
wa
s
es
ti
ma
te
d
th
at
mu
ch
of
th
e
gr
ou
nd
wa
te
r
in
th
e
st
ud
y
ar
ea
pr
ob
ab
ly
en
te
re
d
th
e
gr
ou
nd
be
tw
ee
n
th
re
e
an
d
tw
el
ve
ye
ar
s
ea
rl
ie
r.
Th
e
re
si
de
nc
e
ti
me
ob
vi
ou
sl
y
de
pe
nd
s
up
on
th
e
lo
ca
ti
on
at
wh
ic
h
th
e
wa
te
r
en
te
rs
th
e
fl
ow
sy
st
em
.
Fo
r
th
e
pu
rp
os
e
of
th
is
se
ct
io
n,
it
wi
ll
be
as
su
me
d
th
at
th
e
av
er
ag
e
re
si
de
nc
e
ti
me
is seven years.
In
se
ct
io
n
4.
8.
4
it
wa
s
es
ti
ma
te
d
th
at
ap
pr
ox
im
at
el
y
91
kg
N/
ha
of
n
i
t
r
a
t
e
we
r
e
in
g
r
o
un
d
wa
t
e
r
st
or
ag
e.
D
i
vi
d
i
n
g
th
is
b
y
th
e
a
ve
r
a
g
e
r
e
s
i
d
e
n
c
e
ti
me
gi
ve
s
an
an
nu
al
n
i
t
r
a
t
e
d
i
s
c
h
a
r
g
e
to
H
i
l
l
m
a
n
C
r
e
e
k
of
13 kg N/ha/yr.
A
m
a
j
o
r
un
c
e
r
t
a
i
n
t
y
in
th
is
c
a
l
c
ul
a
t
i
o
n
is
th
e
a
ve
r
a
g
e
r
e
s
i
d
e
n
c
e
ti
me
.
Th
e
re
su
lt
s
co
ul
d
b
e
a
l
t
e
r
e
d
b
y
a
f
a
c
t
o
r
of
tw
o
o
r
m
o
r
e
b
y
ch
an
gi
ng
,
wi
th
in
re
as
on
ab
le
li
mi
ts
,
th
e
av
er
ag
e
re
si
de
nc
e
ti
me
.
Th
e
 
ap
pr
op
ri
at
en
es
s
of
us
in
g
an
"a
ve
ra
ge
"
re
si
de
nc
e
ti
me
ca
n
al
so
be
questioned.
4
.
1
0
.
4
C
o
m
p
a
r
i
s
o
n
o
f
R
e
s
u
l
t
s
Th
e
th
re
e
me
th
od
s
us
ed
to
de
te
rm
in
e
th
e
ni
tr
at
e
di
sc
ha
rg
ed
to
Hi
ll
ma
n
Cr
ee
k
by
gr
ou
nd
wa
te
r
ar
e
la
rg
el
y
in
de
pe
nd
en
t
of
ea
ch
ot
he
r.
Ea
ch
me
th
od
ha
s
so
me
se
ve
re
li
mi
ta
ti
on
s
an
d
is
be
se
t
by
a
va
ri
et
y
of
qu
es
ti
on
ab
le
as
su
mp
ti
on
s.
Th
er
ef
or
e,
th
e
re
su
lt
of
an
y
 66
on
e
me
th
od
ha
s
a
co
ns
id
er
ab
le
de
gr
ee
of
un
ce
rt
ai
nt
y
as
so
ci
at
ed
wi
th
it
.
Fo
r
th
es
e
re
as
on
s
it
is
qu
it
e
su
rp
ri
si
ng
th
at
th
e
th
re
e
me
th
od
s
ga
ve
re
su
lt
s
wh
ic
h
we
re
in
su
ch
cl
os
e
ag
re
em
en
t:
St
re
am
di
sc
ha
rg
e
-
14
kg
N/
ha
/y
r
Fl
ow
ne
t
an
al
ys
is
-
12
kg
N/
ha
/y
r
(a
vg
)
Re
si
de
nc
e
ti
me
—
13
kg
N/
ha
/y
r
If
th
e
ni
tr
at
e
di
sc
ha
rg
ed
to
th
e
st
re
am
is
be
tw
ee
n
10
an
d
20
kg
N/
ha
/y
r,
and
the
nit
rat
e
lea
che
d
to
the
wat
er
tab
le
is
50
kg
N/h
a/y
r,
(fr
om
th
e
ni
tr
og
en
ba
la
nc
e)
th
an
ap
pr
ox
im
at
el
y
30
kg
N/
ha
/y
r
ar
e
no
t
ac
co
un
te
d
for
.
Dep
end
ing
upo
n
one
s
con
fid
enc
e
in
the
.ni
tro
gen
bal
anc
e,
thi
s
cou
ld
be
int
erp
ret
ed
as
fur
the
r
evi
den
ce
of
den
itr
ifi
cat
ion
in
the
groundwater.
4.
10
.5
Re
su
lt
s
of
Se
ep
ag
e
Me
te
r
St
ud
ie
s
T
h
e
l
o
c
a
t
i
o
n
s
o
f
s
e
e
p
a
g
e
-
m
e
t
e
r
m
e
a
s
u
r
e
m
e
n
t
s
i
n
th
e
s
t
r
e
a
m
a
r
e
sh
ow
n
in
Fi
gu
re
5,
an
d
th
e
me
as
ur
ed
se
ep
ag
e
va
lu
es
ar
e
li
st
ed
in
Ta
bl
e
28
.
Al
th
ou
gh
th
er
e
is
co
ns
id
er
ab
le
va
ri
ab
il
it
y
in
th
e
me
as
ur
ed
va
lu
es
,
al
l
me
as
ur
em
en
ts
ex
ce
pt
SM
ZS
C
sh
ow
gr
ou
nd
wa
te
r
be
in
g
di
sc
ha
rg
ed
to
th
e
st
re
am
.
Th
e
di
sc
ha
rg
e
va
lu
es
te
nd
to
be
lo
w
al
on
g
th
e
no
rt
h—
so
ut
h
re
ac
h
of
th
e
st
re
am
(a
bo
ve
SM
8)
,
to
be
gr
ea
te
st
in
th
e
re
ac
h
of
st
re
am
be
tw
ee
n
SM
8
an
d
SM
ZZ
an
d
to
be
at
or
ne
ar
ze
ro
be
tw
ee
n
SM
22
an
d
the weir.
Ba
se
d
up
on
th
e
fl
ow
pa
tt
er
n,
it
wa
s
su
gg
es
te
d
in
a
pr
ev
io
us
se
ct
io
n
th
at
mu
ch
of
th
e
gr
ou
nd
wa
te
r
in
th
e
vi
ci
ni
ty
of
th
e
no
rt
h—
so
ut
h
re
ac
h
of
th
e
st
re
am
pa
ss
ed
be
ne
at
h
th
e
st
re
am
.
Th
e
lo
w
se
ep
ag
e
va
lu
es
me
as
ur
ed
in
th
is
re
gi
on
te
nd
to
co
nf
ir
m
th
is
in
te
rp
re
ta
ti
on
.
A
co
m—
pa
ri
so
n
of
th
e
se
ep
ag
e
ra
te
s
wi
th
Fi
gu
re
12
su
gg
es
ts
th
at
th
e
ra
te
of
 67
se
ep
ag
e
is
re
la
te
d
to
th
e
st
re
am
be
d
st
ra
ti
gr
ap
hy
.
Th
e
lo
w
se
ep
ag
e
va
lu
es
al
on
g
th
e
no
rt
h—
so
ut
h
re
ac
h
of
th
e
st
re
am
ap
pe
ar
to
be
th
e
r
e
s
u
l
t
of
a
c
l
a
y
e
y
o
r
g
a
n
i
c
l
a
y
e
r
on
th
e
s
t
r
e
a
m
b
e
d
,
th
e
l
o
w
s
e
e
p
a
g
e
v
a
l
u
e
s
b
e
t
w
e
e
n
H
2
2
a
n
d
t
h
e
w
e
i
r
c
o
r
r
e
s
p
o
n
d
t
o
a
r
e
g
i
o
n
i
n
w
h
i
c
h
t
h
e
s
t
r
e
a
m
f
l
o
w
s
o
n
t
o
p
o
f
t
h
e
s
i
l
t
y
c
l
a
y
u
n
i
t
a
n
d
t
h
e
h
i
g
h
s
e
e
p
a
g
e
v
a
l
u
e
s
a
l
l
c
o
r
r
e
s
p
o
n
d
t
o
r
e
g
i
o
n
s
i
n
w
h
i
c
h
t
h
e
s
t
r
e
a
m
i
s
u
n
d
e
r
l
a
i
n
b
y
t
h
e
b
r
o
w
n
o
r
g
r
e
y
s
a
n
d
.
B
a
s
e
d
u
p
o
n
t
h
e
s
e
e
p
a
g
e
v
a
l
u
e
s
,
L
e
e
(
1
9
7
7
)
c
a
l
c
u
l
a
t
e
d
t
h
e
g
r
o
u
n
d
w
a
t
e
r
d
i
s
c
h
a
r
g
e
t
o
t
h
e
s
t
r
e
a
m
t
o
b
e
b
e
t
w
e
e
n
1
.
9
x
1
0
-
3
a
n
d
4
.
5
x
—3 m3 8—1
1
0
T
h
i
s
is
a
p
p
r
o
x
i
m
a
t
e
l
y
o
n
e
o
r
d
e
r
o
f
m
a
g
n
i
t
u
d
e
b
e
l
o
w
t
h
e
g
r
o
u
n
d
w
a
t
e
r
d
i
s
c
h
a
r
g
e
i
n
d
i
c
a
t
e
d
b
y
t
h
e
s
t
r
e
a
m
f
l
o
w
a
t
t
h
e
w
e
i
r
(
F
i
g
u
r
e
3
9
)
.
T
h
e
r
e
i
s
n
o
o
b
v
i
o
u
s
e
x
p
l
a
n
a
t
i
o
n
f
o
r
t
h
e
l
a
r
g
e
d
i
f
f
e
r
e
n
c
e
;
h
o
w
e
v
e
r
,
o
n
e
q
u
e
s
t
i
o
n
s
t
h
e
f
e
a
s
i
b
i
l
i
t
y
o
f
e
x
t
r
a
p
o
l
a
t
i
n
g
t
h
e
p
o
i
n
t
s
e
e
p
a
g
e
m
e
a
s
u
r
e
m
e
n
t
s
o
v
e
r
t
h
e
e
n
t
i
r
e
s
t
r
e
a
m
b
e
d
.
A
l
t
h
o
u
g
h
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
6
f
n
i
t
r
a
t
e
i
n
t
h
e
s
t
r
e
a
m
w
a
s
g
e
n
e
r
a
l
l
y
w
i
t
h
i
n
t
h
e
r
a
n
g
e
1
.
0
t
o
5
.
0
m
g
/
l
—
N
t
h
e
h
i
g
h
e
s
t
c
o
n
c
e
n
t
r
a
t
i
o
n
o
b
s
e
r
v
e
d
i
n
s
a
m
p
l
e
s
f
r
o
m
t
h
e
s
e
e
p
a
g
e
m
e
t
e
r
s
w
a
s
0
.
4
3
m
g
/
l
.
C
o
n
s
i
d
e
r
i
n
g
t
h
e
l
o
w
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
a
s
w
e
l
l
a
s
t
h
e
l
o
w
g
r
o
u
n
d
w
a
t
e
r
d
i
s
c
h
a
r
g
e
,
t
h
e
a
m
o
u
n
t
o
f
n
i
t
r
o
g
e
n
d
i
s
c
h
a
r
g
i
n
g
t
o
t
h
e
s
t
r
e
a
m
,
b
a
s
e
d
o
n
d
a
t
a
f
r
o
m
t
h
e
s
e
e
p
a
g
e
m
e
t
e
r
s
w
o
u
l
d
i
n
d
e
e
d
b
e
s
m
a
l
l
.
U
n
t
i
l
m
o
r
e
e
x
p
e
r
i
e
n
c
e
h
a
s
b
e
e
n
g
a
i
n
e
d
r
e
g
a
r
d
i
n
g
t
h
e
u
s
e
a
n
d
l
i
m
i
t
a
t
i
o
n
s
o
f
s
e
e
p
a
g
e
m
e
t
r
e
s
,
i
t
w
i
l
l
b
e
d
i
f
f
i
c
u
l
t
t
o
r
e
s
o
l
v
e
t
h
e
a
p
p
a
r
e
n
t
d
i
s
c
r
e
p
a
n
c
y
.
A
l
t
h
o
u
g
h
t
h
e
s
e
e
p
a
g
e
d
a
t
a
m
a
y
b
e
q
u
e
s
t
i
o
n
a
b
l
e
i
n
a
q
u
a
n
t
i
t
a
t
i
v
e
s
e
n
s
e
,
i
t
w
a
s
m
o
s
t
u
s
e
f
u
l
i
n
l
o
c
a
t
i
n
g
t
h
e
z
o
n
e
s
o
f
h
i
g
h
e
s
t
g
r
o
u
n
d
w
a
t
e
r
d
i
s
c
h
a
r
g
e
t
o
t
h
e
s
t
r
e
a
m
.
T
h
e
m
e
a
s
u
r
e
d
s
e
e
p
a
g
e
a
t
m
e
t
e
r
s
i
n
s
t
a
l
l
e
d
i
n
t
h
e
g
r
a
v
e
l
p
i
t
p
o
n
d
s
a
r
e
s
h
o
w
n
i
n
F
i
g
u
r
e
6
.
T
h
i
s
d
a
t
a
s
h
o
w
s
g
r
o
u
n
d
w
a
t
e
r
t
o
b
e
d
i
s
—
c
h
a
r
g
i
n
g
t
o
t
h
e
p
o
n
d
s
f
r
o
m
t
h
e
w
e
s
t
a
n
d
t
h
a
t
t
h
e
g
r
a
v
e
l
p
i
t
p
o
n
d
s
r
e
c
h
a
r
g
e
~
t
h
e
g
r
o
u
n
d
w
a
t
e
r
o
n
t
h
e
i
r
e
a
s
t
e
r
n
s
i
d
e
s
.
T
h
i
s
d
a
t
a
i
n
d
i
c
a
t
e
s
   
68
t
h
a
t
t
h
e
p
o
n
d
s
a
r
e
n
o
t
a
c
t
i
n
g
a
s
a
g
r
o
u
n
d
w
a
t
e
r
d
i
v
i
d
e
,
a
n
d
a
l
s
o
,
t
h
a
t
t
h
e
p
o
n
d
s
a
r
e
s
u
p
p
l
y
i
n
g
w
a
t
e
r
t
o
t
h
e
g
r
o
u
n
d
w
a
t
e
r
f
l
o
w
s
y
s
t
e
m
.
4
.
1
1
S
i
m
u
l
a
t
i
o
n
o
f
F
l
o
w
a
n
d
N
i
t
r
a
t
e
T
r
a
n
s
p
o
r
t
T
h
e
t
r
i
a
n
g
u
l
a
r
e
l
e
m
e
n
t
g
r
i
d
u
s
e
d
i
n
t
h
e
1
9
7
6
s
t
u
d
i
e
s
i
s
s
h
o
w
n
i
n
F
i
g
u
r
e
3
9
.
T
h
e
m
o
d
e
l
w
a
s
c
a
l
i
b
r
a
t
e
d
u
s
i
n
g
t
h
e
h
y
d
r
a
u
l
i
c
h
e
a
d
d
a
t
a
o
f
S
e
p
t
.
1
0
(
F
i
g
u
r
e
4
0
)
a
n
d
a
g
r
e
e
m
e
n
t
b
e
t
w
e
e
n
m
e
a
s
u
r
e
d
a
n
d
c
o
m
p
u
t
e
d
h
y
d
r
a
u
l
i
c
h
e
a
d
w
a
s
w
i
t
h
i
n
0
.
0
0
5
m
o
f
h
e
a
d
.
B
e
c
a
u
s
e
o
f
t
h
e
e
x
t
r
e
m
e
l
y
l
o
w
h
o
r
i
z
o
n
t
a
l
g
r
a
d
i
e
n
t
,
a
v
i
r
t
u
a
l
l
y
e
x
a
c
t
m
a
t
c
h
c
o
u
l
d
b
e
o
b
t
a
i
n
e
d
b
y
s
l
i
g
h
t
l
y
a
d
j
u
s
t
i
n
g
,
i
n
t
h
e
m
o
d
e
l
,
e
i
t
h
e
r
t
h
e
e
l
e
v
a
t
i
o
n
o
f
t
h
e
w
a
t
e
r
t
a
b
l
e
o
r
t
h
e
h
o
r
i
z
o
n
t
a
l
l
o
c
a
t
i
o
n
o
f
t
h
e
p
i
e
z
o
m
e
t
e
r
s
,
a
l
l
w
i
t
h
i
n
t
h
e
r
e
s
p
e
c
t
i
v
e
m
a
r
g
i
n
o
f
m
e
a
s
u
r
e
m
e
n
t
e
r
r
o
r
.
T
h
e
h
y
d
r
a
u
l
i
c
h
e
a
d
s
w
e
r
e
f
o
u
n
d
t
o
b
e
h
i
g
h
l
y
i
n
s
e
n
s
i
t
i
v
e
w
i
t
h
r
e
s
p
e
c
t
t
o
t
h
e
d
i
s
t
r
i
b
u
t
i
o
n
o
f
h
y
d
r
a
u
l
i
c
c
o
n
d
u
c
t
i
v
i
t
y
.
T
h
r
e
e
d
i
s
t
r
i
b
u
-
t
i
o
n
s
o
f
h
y
d
r
a
u
l
i
c
c
o
n
d
u
c
t
i
v
i
t
y
w
e
r
e
c
o
n
s
i
d
e
r
e
d
:
(a
)
a
s
i
n
g
l
e
a
v
e
r
a
g
e
v
a
l
u
e
o
f
6
.
5
x
1
0
—
3
c
m
/
s
e
c
(
5
.
6
m
/
d
a
y
)
t
h
r
o
ug
h
o
ut
th
e
s
e
c
t
i
o
n
,
(b
)
a
m
e
a
n
v
a
l
u
e
f
o
r
e
a
c
h
o
f
t
h
e
t
h
r
e
e
u
n
i
t
s
(s
ee
T
a
b
l
e
s
4
a
n
d
5)
(c
)
a
h
i
g
h
va
lu
e,
c
a
l
c
u
l
a
t
e
d
b
y
a
d
d
i
n
g
on
e
s
t
a
n
d
a
r
d
d
e
v
i
a
t
i
o
n
to
th
e
me
an
va
lu
e,
fo
r
ea
ch
of
th
e
th
re
e
un
it
s.
Th
er
e
wa
s
no
si
gn
if
ic
an
t
di
ff
er
en
ce
in
th
e
ca
lc
ul
at
ed
hy
dr
au
li
c
he
ad
s
fo
r
th
es
e
th
re
e
ca
se
s.
In
ad
di
ti
on
,
th
e
ef
fe
ct
of
an
is
ot
ro
py
wa
s
co
n-
si
de
re
d
by
as
su
mi
ng
a
ve
rt
ic
al
hy
dr
au
li
c
co
nd
uc
ti
vi
ty
of
on
e
te
nt
h
th
e
ho
ri
zo
nt
al
hy
dr
au
li
c
co
nd
uc
ti
vi
ty
;
th
e
di
ff
er
en
ce
s
we
re
fo
un
d
to
be
slight.
Ve
rt
ic
al
gr
ad
ie
nt
s
co
mp
ut
ed
wi
th
th
is
mo
de
l
we
re
ab
ou
t
10
-4
,
be
in
g
di
re
ct
ed
do
wn
wa
rd
wh
er
e
th
e
wa
te
rt
ab
le
is
co
nv
ex
an
d
up
wa
rd
wh
er
e
it
is
co
nc
av
e.
Hi
gh
er
va
lu
es
we
re
ob
ta
in
ed
ne
ar
th
e
st
re
am
.
Th
es
e
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—
—
N
69
gr
ad
ie
nt
s
ar
e
si
gn
if
ic
an
t
in
th
at
th
ey
re
pr
es
en
t
th
e
dr
iv
in
g
fo
rc
e
th
at
tr
an
sp
or
ts
co
nt
am
in
an
ts
in
to
an
d
ou
t
of
th
e
gr
ou
nd
wa
te
r
fl
ow
sy
st
em
,
ye
t
be
ca
us
e
of
th
ei
r
lo
w
ma
gn
it
ud
e,
th
ey
ca
nn
ot
be
me
as
ur
ed
ac
cu
ra
te
ly
in
th
e
fi
el
d.
A
wa
te
r
ba
la
nc
e
us
in
g
th
es
e
gr
ad
ie
nt
s
an
d
th
e
me
an
hy
dr
au
li
c
co
nd
uc
ti
vi
ty
va
lu
es
sh
ow
ed
in
fl
ow
to
be
ba
la
nc
ed
by
ou
tf
lo
w
ov
er
th
e
en
ti
re
se
ct
io
n.
Us
in
g
a
po
ro
si
ty
of
0.
3,
gr
ou
nd
wa
te
r
ve
lo
ci
ti
es
we
re
ca
lc
ul
at
ed
th
ro
ug
ho
ut
th
e
se
ct
io
n
an
d
co
rr
es
po
nd
in
g
se
ts
of
fl
ow
li
ne
s
we
re
ge
ne
ra
te
d.
It
is
ev
id
en
t
th
at
si
nc
e
th
e
ve
lo
ci
ti
es
ar
e
pr
op
or
ti
on
al
to
th
e
hy
dr
au
li
c
co
nd
uc
ti
vi
ti
es
,
th
e
tr
av
el
ti
me
s
th
us
ca
lc
ul
at
ed
wi
ll
ha
ve
a
bu
il
t—
in
ma
rg
in
of
er
ro
r
pr
op
or
ti
on
al
to
th
at
of
th
e
hy
dr
au
li
c
co
nd
uc
ti
vi
ty
va
lu
es
.
It
wa
s
fo
un
d
th
at
us
in
g
th
e
me
an
va
lu
es
of
hy
dr
au
li
c
co
nd
uc
ti
vi
ty
ga
ve
ra
th
er
lo
ng
tr
av
el
ti
me
s
th
at
we
re
in
co
n—
si
st
en
t
wi
th
th
e
ev
id
en
ce
fr
om
th
e
tr
it
iu
m
an
al
ys
es
of
th
e
gr
ou
nd
wa
te
r.
So
me
wh
at
mo
re
re
as
on
ab
le
tr
av
el
ti
me
s
we
re
ob
ta
in
ed
by
us
in
g
th
e
se
t
of
hi
gh
hy
dr
au
li
c
co
nd
uc
ti
vi
ty
va
lu
es
of
ca
se
(c
)
ab
ov
e.
Th
e
co
rr
es
—
 
po
nd
in
g
tr
av
el
ti
me
s
al
on
g
se
le
ct
ed
fl
ow
li
ne
s
ar
e
sh
ow
n
in
Fi
gu
re
41
.
Us
in
g
th
e
me
an
hy
dr
au
li
c
co
nd
uc
ti
vi
ti
es
fo
r
ea
ch
un
it
re
su
lt
s
in
tr
av
el
ti
me
s
th
at
ar
e
ab
ou
t
50
%
hi
gh
er
th
an
th
os
e
sh
ow
n
in
Fi
gu
re
41
.
Ev
en
us
in
g
th
es
e
hi
gh
hy
dr
au
li
c
co
nd
uc
ti
vi
ti
es
ho
we
ve
r
yi
el
ds
tr
av
el
ti
me
s
th
at
ar
e
n
o
t
qu
it
e
c
o
n
s
i
s
t
e
n
t
w
i
t
h
th
e
c
h
e
m
i
c
a
l
da
ta
.
Th
e
re
su
lt
s
of
th
e
t
r
i
t
i
um
a
n
a
l
ys
e
s
,
w
h
i
l
e
no
t
p
e
r
m
i
t
t
i
n
g
a
p
r
e
c
i
s
e
g
r
o
u
n
d
w
a
t
e
r
a
g
e
d
e
t
e
r
m
i
n
a
t
i
o
n
,
at
l
e
a
s
t
i
n
d
i
c
a
t
e
t
h
a
t
n
o
n
e
of
t
h
e
g
r
o
u
n
d
w
a
t
e
r
p
r
e
s
e
n
t
l
y
in
th
e
s
y
s
t
e
m
is
o
l
d
e
r
th
an
25
ye
ar
s,
an
d
so
me
m
a
y
b
e
as
y
o
u
n
g
as
2
ye
ar
s.
A
r
e
a
s
o
n
a
b
l
e
e
s
t
i
m
a
t
e
of
r
e
s
i
d
e
n
c
e
ti
me
is
p
r
o
b
a
b
l
y
5
-
1
0
ye
ar
s.
A
s
s
u
m
i
n
g
an
a
b
s
o
l
ut
e
m
a
x
i
m
u
m
t
r
a
ve
l
ti
me
of
25
y
e
a
r
s
a
l
o
n
g
t
h
e
l
o
n
g
e
s
t
f
l
o
w
l
i
n
e
a
n
d
w
o
r
k
i
n
g
b
a
c
k
w
o
u
l
d
g
i
v
e
h
y
d
r
a
u
l
i
c
c
o
n
d
uc
t
i
vi
t
i
e
s
th
at
ar
e
ab
ou
t
50
%
h
i
g
h
e
r
th
an
th
e
m
e
a
s
u
r
e
d
va
lu
es
.
Re
la
ti
ng
ba
ck
to
th
e
me
an
hy
dr
au
li
c
co
nd
uc
ti
vi
ti
es
sh
ow
n
in
  
T
a
b
l
e
s
4
a
n
d
5
,
t
h
i
s
w
o
u
l
d
i
n
d
i
c
a
t
e
a
n
e
r
r
o
r
o
f
a
b
o
u
t
a
f
a
c
t
o
r
o
f
t
h
r
e
e
,
w
h
i
c
h
i
s
w
e
l
l
w
i
t
h
i
n
t
h
e
u
s
u
a
l
m
a
r
g
i
n
o
f
e
r
r
o
r
o
f
a
b
o
u
t
h
a
l
f
a
n
o
r
d
e
r
of
m
a
g
n
i
t
u
d
e
.
F
i
g
u
r
e
4
1
s
h
o
w
s
t
h
a
t
w
a
t
e
r
f
r
o
m
t
h
e
g
r
a
v
e
l
p
i
t
r
e
c
h
a
r
g
e
s
t
h
e
l
o
w
e
r
s
a
n
d
u
n
i
t
a
n
d
d
i
s
c
h
a
r
g
e
s
d
i
r
e
c
t
l
y
i
n
t
o
H
i
l
l
m
a
n
C
r
e
e
k
.
O
n
t
h
e
o
t
h
e
r
h
a
n
d
,
w
a
t
e
r
e
n
t
e
r
i
n
g
t
h
e
w
a
t
e
r
t
a
b
l
e
f
r
o
m
t
h
e
g
r
o
u
n
d
s
u
r
f
a
c
e
a
p
p
e
a
r
s
t
o
s
t
a
y
m
o
s
t
l
y
i
n
t
h
e
u
p
p
e
r
h
a
l
f
o
f
t
h
e
a
q
u
i
f
e
r
.
T
h
i
s
d
i
a
g
r
a
m
a
l
s
o
i
n
d
i
c
a
t
e
s
t
h
e
p
r
e
s
e
n
c
e
o
f
a
l
o
c
a
l
d
i
s
c
h
a
r
g
e
z
o
n
e
a
b
o
u
t
h
a
l
f
w
a
y
b
e
t
w
e
e
n
t
h
e
g
r
a
v
e
l
p
i
t
a
n
d
t
h
e
c
r
e
e
k
,
a
t
w
h
i
c
h
m
o
s
t
o
f
t
h
e
w
a
t
e
r
e
n
t
e
r
i
n
g
t
h
e
u
p
s
t
r
e
a
m
h
a
l
f
o
f
t
h
e
s
e
c
t
i
o
n
i
s
d
i
s
c
h
a
r
g
e
d
.
W
a
t
e
r
e
n
t
e
r
i
n
g
i
n
t
h
e
d
o
w
n
s
t
r
e
a
m
h
a
l
f
o
f
t
h
e
s
e
c
t
i
o
n
,
b
e
l
o
w
t
h
e
l
o
c
a
l
d
i
s
c
h
a
r
g
e
z
o
n
e
,
i
s
d
i
s
c
h
a
r
g
e
d
d
i
r
e
c
t
l
y
i
n
t
o
t
h
e
c
r
e
e
k
.
T
h
i
s
l
o
c
a
l
d
i
s
c
h
a
r
g
e
z
o
n
e
i
s
a
r
e
s
u
l
t
o
f
t
h
e
c
o
n
c
a
v
e
s
h
a
p
e
o
f
t
h
e
w
a
t
e
r
t
a
b
l
e
n
e
a
r
t
h
e
m
i
d
p
o
i
n
t
,
w
h
i
c
h
a
g
a
i
n
is
a
n
i
n
d
i
c
a
t
i
o
n
o
f
a
p
r
o
b
a
b
l
e
g
r
o
u
n
d
w
a
t
e
r
s
i
n
k
i
n
t
h
a
t
area.
I
n
c
o
m
p
a
r
i
n
g
th
e
f
l
o
w
l
i
n
e
s
o
f
F
i
g
u
r
e
4
1
w
i
t
h
t
h
e
n
i
t
r
a
t
e
c
o
n
-
c
e
n
t
r
a
t
i
o
n
s
of
F
i
g
u
r
e
28
,
o
n
e
c
a
n
o
b
s
e
r
v
e
t
h
a
t
m
o
s
t
o
f
t
h
e
h
i
g
h
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
t
h
e
g
r
o
u
n
d
w
a
t
e
r
o
c
c
u
r
a
b
o
v
e
t
h
e
t
w
o
u
p
p
e
r
f
l
o
w
li
ne
s,
w
h
i
l
e
m
o
s
t
of
th
e
lo
w
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
c
c
u
r
b
e
l
o
w.
B
a
s
e
d
up
o
n
th
e
c
o
m
p
a
r
i
s
o
n
of
F
i
g
ur
e
s
41
an
d
28
,
it
c
o
n
t
i
n
ue
s
to
b
e
d
i
f
f
i
c
u
l
t
to
ev
al
ua
te
th
e
re
la
ti
ve
im
po
rt
an
ce
of
th
e
ph
ys
ic
al
an
d
ch
em
ic
al
co
nt
ro
ls
on
th
e
di
st
ri
bu
ti
on
of
ni
tr
at
e
an
d
th
e
ot
he
r
ge
oc
he
mi
ca
l
pa
ra
me
te
rs
in
th
e
sy
st
em
.
Th
e
ni
tr
at
e
ge
ne
ra
ll
y
fa
ll
s
ab
ov
e
or
ne
ar
th
e
fl
ow
li
ne
wh
ic
h
is
in
it
ia
te
d
at
th
e
wa
te
r
ta
bl
e
-
po
nd
in
te
rf
ac
e.
In
so
me
a
r
e
a
s
,
h
o
w
e
v
e
r
,
it
is
c
a
r
r
i
e
d
d
e
e
p
e
r
i
n
t
o
t
h
e
s
y
s
t
e
m
.
It
sh
ou
ld
be
no
te
d
th
at
th
e
si
mu
la
ti
on
s
to
th
is
po
in
t
ha
ve
no
t
in
cl
ud
ed
th
e
ef
fe
ct
s
of
hy
dr
od
yn
am
ic
di
sp
er
si
on
.
Di
sp
er
si
on
te
nd
s
to
!
—
‘
—
—
_
¥
 71
mi
x
ad
ja
ce
nt
wa
te
r
bo
di
es
,
wi
th
th
e
mi
xt
ur
e
ha
vi
ng
pr
op
er
ti
es
wh
ic
h
ar
e
a
we
ig
ht
ed
av
er
ag
e
of
th
e
in
di
vi
du
al
wa
te
r
bo
di
es
.
Of
pa
rt
ic
ul
ar
in
te
re
st
in
th
is
st
ud
y,
is
th
e
ex
te
nt
to
wh
ic
h
gr
ou
nd
wa
te
r
or
ig
in
at
in
g
at
th
e
gr
av
el
pi
t
po
nd
s
mi
xe
s
wi
th
th
e
sh
al
lo
we
r
gr
ou
nd
wa
te
r
or
ig
in
at
in
g
as
i
n
f
i
l
t
r
a
t
i
o
n
th
ro
ug
h
th
e
so
il
zo
ne
.
If
th
er
e
is
li
tt
le
m
i
xi
n
g
th
en
it
w
o
u
l
d
s
e
e
m
r
e
a
s
o
n
a
b
l
e
to
e
x
p
l
a
i
n
th
e
ve
r
t
i
c
a
l
d
i
s
t
r
i
b
ut
i
o
n
of
t
h
e
c
h
e
m
i
c
a
l
p
a
r
a
m
e
t
e
r
s
(
s
uc
h
as
N
O
3
,
DO
a
n
d
Eh
)
on
t
h
e
b
a
s
i
s
of
di
ff
er
en
t
co
nc
en
tr
at
io
ns
re
pr
es
en
ti
ng
di
ff
er
en
t
gr
ou
nd
wa
te
r
so
ur
ce
s.
 
On
th
e
ot
he
r
ha
nd
,
if
th
e
re
sp
ec
ti
ve
so
ur
ce
s
ar
e
fo
un
d
to
be
hi
gh
ly
mi
xe
d
th
en
th
e
di
st
ri
bu
ti
on
of
th
e
ch
em
ic
al
pa
ra
me
te
rs
co
ul
d
be
st
be
ex
pl
ai
ne
d
on
th
e
ba
si
s
of
ch
em
ic
al
re
ac
ti
on
s
wi
th
in
th
e
fl
ow
sy
st
em
.
In
an
at
te
mp
t
to
ev
al
ua
te
th
e
ex
te
nt
of
mi
xi
ng
wh
ic
h
wa
s
ta
ki
ng
pl
ac
e,
th
e
so
lu
te
tr
an
sp
or
t
eq
ua
ti
on
wa
s
so
lv
ed
al
on
g
cr
os
s
se
ct
io
n
A—
A'
us
in
g
th
e
sa
me
fi
ni
te
el
em
en
t
gr
id
as
sh
ow
n
in
Fi
gu
re
39
.
Th
e
w
a
t
e
r
in
th
e
p
o
n
d
wa
s
a
r
b
i
t
r
a
r
i
l
y
a
s
s
i
g
n
e
d
a
r
e
l
a
t
i
ve
c
o
n
c
e
n
t
r
a
t
i
o
n
of
1.
0
w
h
i
l
e
th
e
c
o
n
c
e
n
t
r
a
t
i
o
n
of
al
l
o
t
h
e
r
w
a
t
e
r
in
th
e
s
y
s
t
e
m
an
d
w
a
t
e
r
e
n
t
e
r
i
n
g
t
h
e
s
y
s
t
e
m
a
c
r
o
s
s
t
h
e
w
a
t
e
r
t
a
b
l
e
w
a
s
c
o
n
s
i
d
e
r
e
d
to
h
a
v
e
a
g
r
e
l
a
t
i
v
e
c
o
n
c
e
n
t
r
a
t
i
o
n
of
0.
0.
A
l
o
n
g
i
t
u
d
i
n
a
l
d
i
s
p
e
r
s
i
v
i
t
y
(
d
i
s
p
e
r
s
—
i
v
i
t
y
i
n
t
h
e
d
i
r
e
c
t
i
o
n
o
f
f
l
o
w
)
o
f
0
.
1
m
w
a
s
u
s
e
d
a
n
d
t
h
e
t
r
a
n
s
v
e
r
s
e
d
i
s
p
e
r
s
i
v
i
t
y
w
a
s
c
o
n
s
i
d
e
r
e
d
t
o
b
e
0
.
0
1
m
.
A
l
t
h
o
u
g
h
t
h
e
s
e
v
a
l
u
e
s
a
r
e
l
a
r
g
e
r
t
h
a
n
n
o
r
m
a
l
l
y
m
e
a
s
u
r
e
d
i
n
l
a
b
o
r
a
t
o
r
y
e
x
p
e
r
i
m
e
n
t
s
,
t
h
e
y
a
r
e
m
u
c
h
s
m
a
l
l
e
r
t
h
a
n
v
a
l
u
e
s
n
o
r
m
a
l
l
y
r
e
p
o
r
t
e
d
f
o
r
f
i
e
l
d
s
t
u
d
i
e
s
a
n
d
a
r
e
s
m
a
l
l
e
r
b
y
a
f
a
c
t
o
r
o
f
f
i
v
e
t
h
a
n
f
i
e
l
d
m
e
a
s
u
r
e
m
e
n
t
s
i
n
d
i
c
a
t
e
d
f
o
r
a
s
i
m
i
l
a
r
s
a
n
d
m
a
t
e
r
i
a
l
at
th
e
C
h
a
l
k
R
i
v
e
r
N
u
c
l
e
a
r
R
e
s
e
a
r
c
h
E
s
t
a
b
l
i
s
h
m
e
n
t
(
P
i
c
k
e
n
s
et
a
l
.
,
1
9
7
6
)
.
T
h
e
m
o
v
e
m
e
n
t
o
f
t
h
e
s
o
l
u
t
e
f
r
o
m
t
h
e
p
o
n
d
t
h
r
o
ug
h
th
e
g
r
o
un
d
wa
t
e
r
fl
ow
s
y
s
t
e
m
wa
s
s
i
m
u
l
a
t
e
d
fo
r
a
p
e
r
i
o
d
of
t
h
i
r
t
y
ye
ar
s.
Th
e
re
su
lt
s
s
h
o
we
d
th
at
b
e
y
o
n
d
on
e
to
tw
o
h
u
n
d
r
e
d
m
e
t
e
r
s
of
t
h
e
p
o
n
d
s
,
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
w
a
s
a
l
m
o
s
t
c
o
n
s
t
a
n
t
in
t
h
e
 v
e
r
t
i
c
a
l
d
i
r
e
c
t
i
o
n
.
T
h
i
s
i
n
d
i
c
a
t
e
s
s
t
r
o
n
g
m
i
x
i
n
g
w
i
t
h
i
n
t
h
e
f
l
o
w
s
y
s
t
e
m
s
u
g
g
e
s
t
i
n
g
t
h
a
t
t
h
e
d
i
s
s
o
l
v
e
d
o
x
y
g
e
n
a
n
d
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
d
i
s
t
r
i
b
u
t
i
o
n
s
a
r
e
t
h
e
r
e
s
u
l
t
o
f
c
h
e
m
i
c
a
l
f
a
c
t
o
r
s
.
T
h
i
s
r
e
s
u
l
t
r
e
q
u
i
r
e
s
c
o
n
s
i
d
e
r
a
b
l
e
q
u
a
l
i
f
i
c
a
t
i
o
n
.
T
h
e
n
u
m
e
r
i
c
a
l
p
r
o
c
e
d
u
r
e
s
c
a
n
,
i
n
t
h
e
m
-
s
e
l
v
e
s
,
c
a
u
s
e
t
h
e
s
o
l
u
t
e
t
o
s
p
r
e
a
d
(
n
u
m
e
r
i
c
a
l
d
i
s
p
e
r
s
i
o
n
)
.
T
h
e
e
f
f
e
c
t
s
o
f
n
u
m
e
r
i
c
a
l
d
i
s
p
e
r
s
i
o
n
t
e
n
d
t
o
b
e
a
c
c
e
n
t
u
a
t
e
d
b
y
e
l
e
m
e
n
t
s
w
h
i
c
h
a
r
e
e
l
o
n
g
a
t
e
d
i
n
t
h
e
d
i
r
e
c
t
i
o
n
o
f
f
l
o
w
,
a
s
i
s
t
h
e
s
i
t
u
a
t
i
o
n
i
n
F
i
g
u
r
e
3
9
.
T
h
u
s
,
a
l
t
h
o
u
g
h
t
h
e
s
i
m
u
l
a
t
i
o
n
s
s
h
o
w
e
d
e
x
t
r
e
m
e
m
i
x
i
n
g
,
a
s
i
g
n
i
f
i
c
a
n
t
a
n
d
u
n
d
e
t
e
r
m
i
n
e
d
p
r
o
p
o
r
t
i
o
n
o
f
t
h
e
m
i
x
i
n
g
w
a
s
p
r
o
b
a
b
l
y
t
h
e
r
e
s
u
l
t
o
f
t
h
e
n
u
m
e
r
i
c
a
l
p
r
o
c
e
d
u
r
e
a
n
d
t
h
u
s
t
h
e
r
e
s
u
l
t
s
a
r
e
n
o
t
c
o
n
c
l
u
s
i
v
e
.
A
l
t
h
o
u
g
h
t
h
e
n
u
m
e
r
i
c
a
l
s
i
m
u
l
a
t
i
o
n
s
t
u
d
i
e
s
w
e
r
e
r
e
a
s
o
n
a
b
l
y
s
u
c
c
e
s
s
f
u
l
in
c
o
n
f
i
r
m
i
n
g
a
n
d
a
i
d
i
n
g
i
n
th
e
i
n
t
e
r
p
r
e
t
a
t
i
o
n
o
f
th
e
f
l
o
w
s
y
s
t
e
m
,
t
h
e
r
e
a
p
p
e
a
r
e
d
t
o
b
e
n
o
p
o
s
s
i
b
i
l
i
t
y
f
o
r
c
a
l
i
b
r
a
t
i
n
g
t
h
e
t
r
a
n
s
p
o
r
t
m
o
d
e
l
.
T
h
i
s
w
a
s
p
a
r
t
l
y
t
h
e
r
e
s
u
l
t
o
f
t
h
e
r
a
t
h
e
r
c
o
n
v
i
n
c
i
n
g
e
v
i
d
e
n
c
e
t
h
a
t
n
i
t
r
a
t
e
w
a
s
r
e
a
c
t
i
v
e
w
i
t
h
i
n
th
e
g
r
o
u
n
d
w
a
t
e
r
f
l
o
w
s
y
s
t
e
m
.
(O
ne
o
f
th
e
r
e
q
u
i
r
e
d
a
s
s
u
m
p
t
i
o
n
s
i
n
th
e
m
o
d
e
l
w
a
s
t
h
a
t
n
i
t
r
a
t
e
b
e
n
o
n
—
r
e
a
c
t
i
v
e
.
)
I
n
a
d
d
i
t
i
o
n
,
as
a
r
e
s
u
l
t
o
f
t
h
e
e
x
t
r
e
m
e
v
a
r
i
a
b
i
l
i
t
y
in
th
e
n
i
t
r
a
t
e
d
a
t
a
,
i
n
p
l
a
n
V
i
e
w
,
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
c
o
u
l
d
n
o
t
b
e
c
o
r
r
e
l
a
t
e
d
f
r
o
m
on
e
s
a
m
p
l
i
n
g
p
o
i
n
t
to
an
ot
he
r.
Th
us
,
a
l
t
h
o
u
g
h
th
e
o
b
s
e
r
v
a
t
i
o
n
w
e
l
l
s
y
s
t
e
m
wa
s
ve
r
y
d
e
t
a
i
l
e
d
,
it
a
p
p
e
a
r
s
th
at
it
wa
s
n
o
t
on
a
su
ff
ic
ie
nt
ly
fi
ne
sc
al
e
to
ma
p
ou
t
th
e
co
nc
en
tr
at
io
n
tr
en
ds
.
As
a
re
su
lt
,
th
e
in
it
ia
l
co
nd
it
io
ns
fo
r
th
e
mo
de
l
co
ul
d
no
t
be
de
s-
cr
ib
ed
an
d
th
e
mo
ve
me
nt
of
sp
ec
if
ic
pl
um
es
of
co
nt
am
in
at
io
n,
fo
r
co
mr
pa
ri
so
n
wi
th
pr
ed
ic
te
d
re
su
lt
s,
co
ul
d
no
t
be
fo
ll
ow
ed
.
In
ad
di
ti
on
to
th
es
e
di
ff
ic
ul
ti
es
,
tw
o
di
me
ns
io
na
l
fl
ow
sy
st
em
s
wh
ic
h
ar
e
hi
gh
ly
el
on
ga
te
d
in
on
e
di
me
ns
io
n,
an
d
fl
ow
sy
st
em
s
wi
th
ve
ry
lo
w
hy
dr
au
li
c
gr
ad
ie
nt
s
re
pr
es
en
t
pa
rt
ic
ul
ar
ly
di
ff
ic
ul
t
si
tu
at
io
ns
fo
r
th
e
ap
pl
ic
a-
ti
on
of
nu
me
ri
ca
l
si
mu
la
ti
on
mo
de
ls
.
 Mo
st
hy
dr
og
eo
lo
gi
c
en
vi
ro
nm
en
ts
wo
ul
d
be
mu
ch
mo
re
co
mp
le
x
th
an
e
n
c
o
u
n
t
e
r
e
d
in
th
e
H
i
l
l
m
a
n
C
r
e
e
k
W
a
t
e
r
s
h
e
d
,
an
d
at
th
is
po
in
t,
th
er
e
is
no
r
e
a
s
o
n
to
e
xp
e
c
t
th
e
n
i
t
r
a
t
e
d
i
s
t
r
i
b
ut
i
o
n
in
t
h
e
s
e
ar
ea
s
to
be
le
ss
va
ri
ab
le
or
le
ss
co
mp
le
x.
As
a
re
su
lt
,
th
e
us
e
of
tr
an
s—
po
rt
mo
de
ls
of
th
e
ty
pe
us
ed
in
th
is
st
ud
y,
fo
r
pr
ed
ic
ti
ng
th
e
mo
ve
—
me
nt
of
ni
tr
at
e
on
a
re
gi
on
al
sc
al
e,
ma
y
no
t
be
a
us
ef
ul
en
de
av
ou
r.
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5.
S
U
M
M
A
R
Y
O
F
D
I
S
C
U
S
S
I
O
N
S
P
h
y
s
i
c
a
l
H
yd
r
o
g
e
o
l
o
g
y:
T
h
e
s
t
ud
y
a
r
e
a
wa
s
of
lo
w
re
li
ef
,
g
e
n
e
r
a
l
l
y
s
l
o
p
i
n
g
to
wa
rd
s
th
e
ea
st
a
n
d
s
o
u
t
h
—
e
a
s
t
at
a
ra
te
of
a
p
p
r
o
x
i
m
a
t
e
l
y
1:
10
0.
Th
e
sh
al
mo
w
st
ra
ti
gr
ap
hy
co
ns
is
te
d
of
sa
nd
ov
er
ly
in
g
si
lt
y
cl
ay
ti
ll
.
Th
e
sa
nd
va
ri
ed
in
th
ic
kn
es
s
fr
om
ap
pr
ox
im
at
el
y
11
m
in
th
e
no
rt
h—
we
st
to
ne
ar
ze
ro
al
on
g
th
e
ea
st
er
n
ma
rg
in
of
th
e
st
ud
y
ar
ea
an
d
co
ns
is
te
d
of
an
up
pe
r
re
dd
is
h
br
ow
n
sa
nd
ap
pr
ox
im
at
el
y
on
e
to
tw
o
me
te
rs
th
ic
k
ov
er
ly
in
g
a
gr
ey
sa
nd
.
Th
e
hy
dr
au
li
c
co
nd
uc
ti
vi
ty
of
th
e
sa
nd
wa
s
on
th
e
or
de
r
of
5
x
10
—3
cm
se
c"
l
wi
th
th
at
of
th
e
up
pe
r
re
dd
is
h
br
ow
n
sa
nd
be
in
g
so
me
wh
at
hi
gh
er
th
an
th
at
of
th
e
gr
ey
sa
nd
.
Th
e
si
lt
y
cl
ay
ti
ll
wa
s
se
ve
ra
l
me
te
rs
th
ic
k
an
d
ha
d
a
hy
dr
au
li
c
co
nd
uc
ti
vi
ty
su
ff
ic
ie
nt
ly
lo
w
th
at
it
co
ul
d
be
vi
ew
ed
as
a
lo
we
r
bo
un
da
ry
to
th
e
gr
ou
nd
wa
te
r
fl
ow
sy
st
em
in
th
e
sa
nd
.
Th
e
de
pt
h
to
th
e
wa
te
r
ta
bl
e
sh
ow
ed
co
ns
id
er
ab
le
se
as
on
al
va
ri
ab
il
it
y
an
d
va
ri
ed
fr
om
ap
pr
ox
im
at
el
y
4
m
in
th
e
no
rt
h—
we
st
po
rt
io
n
of
th
e
st
ud
y
ar
ea
to
on
e
to
tw
o
me
te
rs
ov
er
mu
ch
of
th
e
ar
ea
.
Th
e
wa
te
r
ta
bl
e
sh
OW
ed
a
gr
ad
ua
l
sl
op
e
to
wa
rd
s
th
e
ea
st
an
d
so
ut
h—
ea
st
to
wa
rd
s
Hi
ll
ma
n
Cr
ee
k.
Ho
ri
zo
nt
al
hy
dr
au
li
c
gr
ad
ie
nt
s
we
re
me
as
ur
ed
to
be
ap
pr
ox
im
at
el
y
1:
25
0
wh
il
e
ve
rt
ic
al
gr
ad
ie
nt
s
we
re
ap
pr
ox
im
at
el
y
1:
50
0
in
mo
st
ar
ea
s.
Th
e
re
su
lt
s
of
th
e
se
ep
ag
e
me
te
r
st
ud
ie
s,
th
e
me
as
ur
ed
hy
dr
au
li
c
he
ad
di
st
ri
bu
ti
on
,
th
e
di
st
ri
bu
ti
on
of
en
vi
ro
n-
me
nt
al
is
ot
op
es
an
d
th
e
nu
me
ri
ca
l
fl
ow
mo
de
l
al
l
in
di
ca
te
d
th
at
th
e
gr
av
el
pi
t
po
nd
s
al
on
g
th
e
we
st
er
n
ed
ge
of
th
e
st
ud
y
ar
ea
we
re
co
n-
tribution groundwater to the flow system.
En
vi
ro
nn
en
ta
l
Is
ot
op
es
:
Th
e
re
su
lt
s
of
th
e
tr
it
iu
m
an
al
ys
es
in
di
ca
te
d
th
at
al
l
th
e
wa
te
r
in
th
e
sa
nd
aq
ui
fe
r
wa
s
le
ss
th
an
25
ye
ar
s
ol
d
__
_
_
_
—
_
_
_
1
75
whi
le
the
wat
er
in
the
sil
ty
cla
y t
ill
was
mor
e t
han
25
yea
rs
old.
Fro
m a
con
sid
era
tio
n o
f t
he
con
cen
tra
tio
n d
ist
rib
uti
on
it
was
est
-
ima
ted
tha
t m
ost
of
the
gro
und
wat
er
had
an
age
bet
wee
n t
hre
e a
nd
twe
lve
year
s.
This
was
in r
easo
nabl
e ag
reem
ent
with
calc
ulat
ions
base
d on
the
hyd
rau
lic
gra
die
nts
and
con
duc
tiv
ity
, a
nd
som
ewh
at
les
s t
han
the
age determined from the numerical flow model.
. . 18
The distribution of 0 and D values suggested two sources
of groundwater to the flow system, the gravel pit ponds and infiltra-
tion through the soil zone.
Chlo
ride
:
The
chlo
ride
conc
entr
atio
n in
the
grou
ndwa
ter
vari
ed b
etwe
en
20
and
40
mg/
l.
The
pri
mar
y s
our
ce
of
chl
ori
de
was
bel
iev
ed
to
be
KCl
of
fer
til
ize
r.
The
com
ple
te
wel
l n
etw
ork
was
not
sam
ple
d;
how
eve
r,
the
re
was
som
e i
ndi
cat
ion
tha
t i
n a
rea
s w
hic
h w
ere
cul
tiv
ate
d,
the
chl
ori
de
con
cen
tra
tio
n d
ecr
eas
ed
wit
h d
ept
h w
hil
e i
n u
ncu
lti
vat
ed
are
as
the
con
cen
tra
tio
n i
ncr
eas
ed
wit
h d
ept
h.
In
the
unc
ult
iva
ted
are
as,
the
sha
llo
w w
ate
r
wou
ldb
e l
ow
in
chl
ori
de
sin
ce
it
ori
gin
ate
d
in
an
unf
ert
ili
zed
are
a a
nd
the
dee
per
gro
und
wat
er
wou
ld
ten
d t
o b
e
hig
her
sin
ce
it
pro
bab
ly
ori
gin
ate
d u
pst
rea
m i
n t
he
flo
w s
yst
em,
poss
ibly
in a
cult
ivat
ed r
egio
n.
The
high
chlo
ride
in t
he s
hall
ow
gro
und
wat
er
of
cul
tiv
ate
d r
egi
ons
wou
ld
ref
lec
t t
he
lea
chi
ng
of
chl
ori
de
from applied fertilizers while the lower concentrations at depth
could represent some mixture of waters which had originated in both
fertilized and unfertilized regions.
.
.
. .
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+
Maj
or
Cat
ion
s a
nd
Spe
c1f
ic
Con
duc
tan
ce:
Ca
, Mg
and
Na
sho
wed
concentrations typical of a carbonate dissolution controlledsystem.
No consistent trends in space were observed and thus this data was of
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l
i
t
t
l
e
v
a
l
u
e
i
n
i
n
t
e
r
p
r
e
t
i
n
g
t
h
e
f
l
o
w
s
y
s
t
e
m
o
r
t
h
e
n
i
t
r
a
t
e
d
a
t
a
.
T
h
e
K
+
d
a
t
a
t
e
n
d
e
d
t
o
s
h
o
w
t
h
e
h
i
g
h
e
s
t
v
a
l
u
e
s
i
n
t
h
e
s
h
a
l
l
o
w
g
r
o
u
n
d
-
w
a
t
e
r
o
f
c
u
l
t
i
v
a
t
e
d
a
r
e
a
s
.
T
h
u
s
i
t
a
p
p
e
a
r
s
t
h
a
t
s
o
m
e
f
e
r
t
i
l
i
z
e
r
p
o
t
a
s
s
i
u
m
h
a
s
m
i
g
r
a
t
e
d
d
o
w
n
w
a
r
d
t
o
t
h
e
w
a
t
e
r
t
a
b
l
e
.
T
h
e
i
n
c
r
e
a
s
e
d
p
o
t
a
s
s
i
u
m
c
o
n
c
e
n
t
r
a
t
i
o
n
s
d
o
n
o
t
r
e
p
r
e
s
e
n
t
a
n
e
n
v
i
r
o
n
m
e
n
t
a
l
h
a
z
a
r
d
.
T
h
e
s
p
e
c
i
f
i
c
c
o
n
d
u
c
t
a
n
c
e
v
a
l
u
e
s
w
e
r
e
g
e
n
e
r
a
l
l
y
w
i
t
h
i
n
t
h
e
r
a
n
g
e
3
7
5
t
o
8
5
0
u
m
h
o
s
/
c
m
.
A
l
t
h
o
u
g
h
t
h
e
r
e
w
a
s
a
c
o
n
s
i
d
e
r
a
b
l
e
r
a
n
g
e
i
n
v
a
l
u
e
s
n
o
s
p
a
t
i
a
l
t
r
e
n
d
s
i
n
t
h
e
d
a
t
a
w
e
r
e
e
v
i
d
e
n
t
.
D
i
s
s
o
l
v
e
d
O
x
y
g
e
n
E
h
a
n
d
M
e
t
h
a
n
e
:
D
i
s
s
o
l
v
e
d
o
x
y
g
e
n
a
n
d
E
h
m
e
a
s
u
r
e
—
m
e
n
t
s
w
e
r
e
t
a
k
e
n
o
n
l
y
a
l
o
n
g
c
r
o
s
s
s
e
c
t
i
o
n
A
r
A
'
.
T
h
e
m
o
s
t
s
t
r
i
k
i
n
g
f
e
a
t
u
r
e
of
t
h
e
d
a
t
a
w
a
s
a
s
h
a
r
p
d
e
c
r
e
a
s
e
i
n
b
o
t
h
d
i
s
s
o
l
v
e
d
o
x
y
g
e
n
a
n
d
E
h
at
s
o
m
e
f
a
i
r
l
y
s
h
a
l
l
o
w
d
e
p
t
h
b
e
l
o
w
t
h
e
w
a
t
e
r
t
a
b
l
e
.
A
t
H
2
6
a
n
d
H4
0,
th
e
on
ly
l
o
c
a
t
i
o
n
s
fo
r
w
h
i
c
h
m
e
t
h
a
n
e
a
n
a
l
ys
e
s
w
e
r
e
c
o
n
d
uc
t
e
d
,
th
e
r
e
d
uc
t
i
o
n
in
D0
an
d
Eh
c
o
r
r
e
s
p
o
n
d
e
d
w
i
t
h
th
e
o
c
c
u
r
r
e
n
c
e
of
m
e
t
h
a
n
e
in
di
ca
ti
ng
a
ch
an
ge
fr
om
ox
id
iz
in
g
to
re
du
ci
ng
co
nd
it
io
ns
wi
th
de
pt
h.
It
ma
y
be
no
te
wo
rt
hy
th
at
th
e
ap
pa
re
nt
sh
ar
p
in
te
rf
ac
e
be
tw
ee
n
ox
id
iz
in
g
an
d
re
du
ci
ng
co
nd
it
io
ns
pe
rs
is
te
d
ov
er
th
e
le
ng
th
of
th
e
cr
os
s
se
ct
io
n.
Al
te
rn
at
iv
e
ex
pl
an
at
io
ns
fo
r
th
e
in
te
rf
ac
e
we
re
de
ve
lo
pe
d.
Th
e
de
ep
er
wa
te
r
wh
ic
h i
s
pr
es
en
t
un
de
r
re
du
ci
ng
co
nd
it
io
ns
ma
y
ha
ve
ha
d
it
s
or
ig
in
in
th
e
gr
av
el
pi
t
po
nd
s
wh
il
e
th
e
up
pe
r
gr
ou
nd
wa
te
r
wh
ic
h
ex
hi
bi
ts
ox
id
iz
in
g
co
nd
it
io
ns
ma
y
ha
ve
or
ig
in
at
ed
as
in
fi
lt
ra
ti
on
th
ro
ug
h
th
e
so
il
zo
ne
.
Al
te
rn
at
iv
el
y,
as
in
fi
lt
ra
ti
ng
wa
te
r
mi
gr
at
es
do
wn
wa
rd
th
ro
ug
h
th
e
sa
tu
ra
te
d
zo
ne
,
di
ss
ol
ve
d
ox
yg
en
ma
y
be
us
ed
up
by
ae
ro
bi
c
ba
ct
er
ia
.
As
th
e
ox
yg
en
is
de
pl
et
ed
,
an
ae
ro
bi
c
ba
ct
er
ia
ma
y
be
co
me
pre
dom
ina
nt,
res
ult
ing
in
the
pro
duc
tio
n
of
met
han
e.
Alt
hou
gh
nei
the
r
exp
lan
ati
on
has
bee
n
dis
cou
nte
d,
the
lat
ter
is
pre
fer
red
sin
ce
it
do
es
no
t
se
em
po
ss
ib
le
th
at
th
e
sh
ar
p
in
te
rf
ac
e
be
tw
ee
n
th
e
two
zo
ne
s
%
 77
t
h
e
r
e
s
u
l
t
o
n
l
y
o
f
t
h
e
p
r
e
s
e
n
c
e
o
f
t
h
e
g
r
a
v
e
l
p
i
t
s
a
t
t
h
e
u
p
p
e
r
e
n
d
o
f
t
h
e
c
r
o
s
s
s
e
c
t
i
o
n
.
A
l
t
h
o
u
g
h
i
n
c
o
n
c
l
u
s
i
v
e
,
t
h
e
r
e
s
u
l
t
s
o
f
t
h
e
m
o
d
e
l
i
n
g
a
c
t
i
v
i
t
i
e
s
t
e
n
d
e
d
t
o
s
u
p
p
o
r
t
t
h
i
s
v
i
e
w
.
!
c
o
u
l
d
b
e
m
a
i
n
t
a
i
n
e
d
o
v
e
r
t
h
e
l
e
n
g
t
h
o
f
t
h
e
c
r
o
s
s
s
e
c
t
i
o
n
i
f
i
t
w
a
s
I
I
I
H
P
h
o
s
p
h
a
t
e
:
P
h
o
s
p
h
a
t
e
s
a
m
p
l
e
s
w
e
r
e
s
e
l
e
c
t
e
d
t
o
r
e
p
r
e
s
e
n
t
a
r
a
n
g
e
i
n
W
l
l
I
b
o
t
h
t
h
e
d
e
p
t
h
b
e
l
o
w
g
r
o
u
n
d
s
u
r
f
a
c
e
a
n
d
l
a
n
d
u
s
e
.
T
h
e
r
e
s
u
l
t
s
o
f
t
h
e
i
 
a
n
a
l
y
s
e
s
s
h
o
w
e
d
v
e
r
y
l
o
w
p
h
o
s
p
h
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
d
i
c
a
t
i
n
g
t
h
a
t
l
a
l
t
h
o
u
g
h
t
h
e
a
r
e
a
i
s
u
n
d
e
r
i
n
t
e
n
s
i
v
e
a
g
r
i
c
u
l
t
u
r
a
l
p
r
o
d
u
c
t
i
o
n
,
l
i
t
t
l
e
j
l
l
o
r
n
o
p
h
O
S
p
h
o
r
u
s
i
s
b
e
i
n
g
c
o
n
t
r
i
b
u
t
e
d
t
o
t
h
e
g
r
o
u
n
d
w
a
t
e
r
o
f
t
h
e
a
r
e
a
.
P
e
s
t
i
c
i
d
e
s
:
A
s
e
l
e
c
t
e
d
n
u
m
b
e
r
o
f
w
a
t
e
r
s
a
m
p
l
e
s
w
e
r
e
a
n
a
l
y
z
e
d
f
o
r
a
s
e
l
e
c
t
e
d
n
u
m
b
e
r
o
f
p
e
s
t
i
c
i
d
e
s
.
N
o
p
e
s
t
i
c
i
d
e
s
w
e
r
e
d
e
t
e
c
t
e
d
.
N
i
t
r
o
g
e
n
-
A
m
m
o
n
i
u
m
:
F
e
w
a
m
m
o
n
i
u
m
c
o
n
c
e
n
t
r
a
t
i
o
n
s
e
x
c
e
e
d
e
d
1
.
0
m
g
/
l
—
N
a
n
d
m
o
s
t
w
e
r
e
w
i
t
h
i
n
t
h
e
r
a
n
g
e
0
.
0
—
0
.
2
m
g
/
l
-
N
.
T
h
e
r
e
w
a
s
n
o
e
v
i
d
e
n
c
e
o
f
a
c
o
r
r
e
l
a
t
i
o
n
b
e
t
w
e
e
n
l
a
n
d
u
s
e
a
n
d
a
m
m
o
n
i
u
m
c
o
n
c
e
n
t
r
a
t
i
o
n
.
T
h
e
v
a
l
u
e
s
w
h
i
c
h
e
x
c
e
e
d
e
d
1
.
0
m
g
/
l
a
p
p
e
a
r
e
d
t
o
b
e
t
r
u
l
y
a
n
o
m
a
l
o
u
s
i
n
t
h
a
t
t
h
e
y
c
o
u
l
d
n
o
t
b
e
r
e
l
a
t
e
d
t
o
a
n
y
l
o
c
a
l
f
e
a
t
u
r
e
s
o
r
c
o
n
d
i
t
i
o
n
s
a
n
d
g
e
n
e
r
a
l
l
y
p
e
r
s
i
s
t
e
d
a
t
a
p
a
r
t
i
c
u
l
a
r
s
a
m
p
l
i
n
g
l
o
c
a
t
i
o
n
f
o
r
o
n
l
y
o
n
e
s
a
m
p
l
i
n
g
t
i
m
e
.
C
o
n
t
a
m
i
n
a
t
i
o
n
o
f
e
i
t
h
e
r
t
h
e
w
e
l
l
,
s
a
m
p
l
i
n
g
e
q
u
i
p
m
e
n
t
,
o
r
s
a
m
p
l
e
b
o
t
t
l
e
s
e
e
m
s
u
n
l
i
k
e
l
y
b
u
t
i
s
t
h
e
o
n
l
y
a
p
p
a
r
e
n
t
e
x
p
l
a
n
a
t
i
o
n
.
N
i
t
r
o
g
e
n
-
-
N
i
t
r
a
t
e
:
N
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
r
a
n
g
e
d
b
e
t
w
e
e
n
0
.
0
a
n
d
4
5
m
g
/
l
-
N
a
n
d
t
h
e
d
a
t
a
c
a
n
b
e
s
t
b
e
d
e
s
c
r
i
b
e
d
a
s
v
a
r
i
a
b
l
e
,
b
o
t
h
i
n
s
p
a
c
e
a
n
d
i
n
t
i
m
e
.
I
n
p
l
a
n
v
i
e
w
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
c
o
u
l
d
b
e
g
e
n
e
r
a
l
l
y
c
o
r
r
e
l
a
t
e
d
w
i
t
h
l
a
n
d
u
s
e
i
n
t
h
a
t
t
h
e
g
r
o
u
n
d
w
a
t
e
r
b
e
n
e
a
t
h
c
u
l
t
i
v
a
t
e
d
r
e
g
i
o
n
s
t
e
n
d
e
d
t
o
h
a
v
e
s
i
g
n
i
f
i
c
a
n
t
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
w
h
i
l
e
i
n
u
n
c
u
l
t
i
v
a
t
e
d
r
e
g
i
o
n
s
t
h
e
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
w
e
r
e
v
e
r
y
l
o
w
.
W
i
t
h
i
n
t
h
e
c
u
l
t
i
v
a
t
e
d
r
e
g
i
o
n
s
t
h
e
r
e
d
i
d
n
o
t
a
p
p
e
a
r
t
o
b
e
a
n
y
d
i
r
e
c
t
c
o
r
r
e
l
a
t
i
o
n
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b
e
t
w
e
e
n
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
an
d
th
e
ra
te
of
f
e
r
t
i
l
i
z
e
r
a
p
p
l
i
c
a
t
i
o
n
.
Th
e
la
ck
of
ni
tr
at
e
in
th
e
gr
ou
nd
wa
te
r
of
un
cu
lt
iv
at
ed
ar
ea
s
su
gg
es
ts
th
at
n
i
t
r
a
t
e
wa
s
n
o
t
b
e
i
n
g
c
a
r
r
i
e
d
l
a
t
e
r
a
l
l
y
in
to
t
h
e
s
e
r
e
g
i
o
n
s
f
r
o
m
the cultivated areas.
Wi
th
in
cu
lt
iv
at
ed
re
gi
on
s
th
e
ni
tr
at
e
co
nc
en
tr
at
io
n
wa
s
g
e
n
e
r
a
l
l
y
s
i
g
n
i
f
i
c
a
n
t
w
i
t
h
i
n
on
e
to
tw
o
m
e
t
e
r
s
of
th
e
w
a
t
e
r
ta
bl
e,
th
en
d
e
c
r
e
a
s
e
d
ve
r
y
r
a
p
i
d
l
y
to
ze
ro
or
n
e
a
r
ze
ro
va
lu
es
.
Th
e
d
e
c
r
e
a
s
e
g
e
n
e
r
a
l
l
y
o
c
c
u
r
r
e
d
at
th
e
sa
me
d
e
p
t
h
as
th
e
d
e
c
r
e
a
s
e
in
DO
.
A
co
m—
pa
ri
so
n
of
th
e
ni
tr
at
e,
D0
,
Eh
an
d
me
th
an
e
da
ta
fo
r
Au
g.
10
,
19
76
at
H
4
O
is
gi
ve
n
in
F
i
g
ur
e
42
.
Th
e
tr
en
ds
ar
e
t
y
p
i
c
a
l
of
t
h
o
s
e
o
b
s
e
r
v
e
d
at
al
l
si
te
s
wh
er
e
de
ta
il
ed
da
ta
wa
s
av
ai
la
bl
e.
If
fl
ow
we
re
on
ly
in
th
e
ve
rt
ic
al
di
re
ct
io
n,
th
er
e
wo
ul
d
be
li
tt
le
do
ub
t
th
at
as
th
e
wa
t
e
r
mo
ve
d
th
ro
ug
h
th
e
sy
st
em
,
it
ch
an
ge
d
fr
om
ox
id
iz
in
g
to
re
du
ci
ng
co
nd
it
io
ns
an
d
th
at
th
is
wa
s
ac
co
mp
an
ie
d
by
a
de
cr
ea
se
in
th
e
ni
tr
at
e
co
nc
en
tr
at
io
n,
pr
ob
ab
ly
as
a
re
su
lt
of
de
ni
tr
if
ic
at
io
n.
Th
e
pr
es
en
ce
of
me
th
an
e
is
st
ro
ng
ev
id
en
ce
th
at
co
nd
it
io
ns
ar
e
su
ff
ic
ie
nt
ly
re
du
ci
ng
an
d
th
at
th
er
e
is
an
ad
eq
ua
te
en
er
gy
so
ur
ce
fo
r
de
ni
tr
if
ic
at
io
n
to
pr
oc
ee
d.
Fi
gu
re
43
is
a
gr
ap
h
of
ni
tr
at
e
vs
.
DO
fo
r
al
l
sa
mp
li
ng
po
in
ts
al
on
g
cr
os
s
se
ct
io
n
A—
A'
.
No
da
ta
po
in
ts
oc
cu
r
in
th
e
po
rt
io
n
of
th
e
gr
ap
h
co
rr
eS
po
nd
in
g
to
hi
gh
ni
tr
at
e
—
lo
w
di
ss
ol
ve
d
ox
yg
en
.
Th
is
pr
ov
id
es
su
pp
or
t
fo
r
th
e
ge
ne
ra
li
za
ti
on
of
Fi
gu
re
42
.
It
ap
pe
ar
s
un
li
ke
ly
th
at
th
e
po
ss
ib
il
it
y
of
th
e
ob
se
rv
ed
tr
en
ds
be
in
g
th
e
re
su
lt
of
la
te
ra
l
fl
ow
fr
om
th
e
gr
av
el
pi
t
po
nd
s
ca
n
be
to
ta
ll
y
di
sc
ou
nt
ed
.
Ne
ve
rt
he
le
ss
,
fr
om
th
e
an
ti
ci
pa
te
d
ef
fe
ct
s
of
di
sp
er
si
on
di
sc
us
se
d
ab
ov
e,
as
we
ll
as
th
e
fa
ct
th
at
si
mi
la
r
ni
tr
at
e
pr
of
il
es
ar
e
ob
se
rV
ed
in
re
gi
on
s
un
af
fe
ct
ed
by
th
e
gr
av
el
pi
t
po
nd
s
is
st
ro
ng
ev
id
en
ce
th
at
de
ni
tr
if
ic
at
io
n
is
an
ac
ti
ve
an
d
si
gn
if
ic
an
t
pr
oc
es
s
in
th
e
gr
ou
nd
wa
te
r
of
th
e
ar
ea
.
 Ni
tr
at
e
Lo
ad
in
g
to
th
e
Gr
ou
nd
wa
te
r:
At
te
mp
ts
we
re
ma
de
to
es
ti
ma
te
th
e
am
ou
nt
of
ni
tr
at
e
co
nt
ri
bu
te
d
to
th
e
gr
ou
nd
wa
te
r
fl
ow
sy
st
em
by
tw
o
me
th
od
s.
A
ni
tr
og
en
ba
la
nc
e
on
th
e
so
il
zo
ne
in
di
ca
te
d
th
at
ni
tr
at
e
wa
s
co
nt
ri
bu
te
d
to
th
e
gr
ou
nd
wa
te
r
at
an
av
er
ag
e
ra
te
of
ap
pr
ox
im
at
el
y
50
kg
N/
ha
/y
ea
r.
Fr
om
th
e
un
sa
tu
ra
te
d
zo
ne
pl
ot
s,
in
fo
rm
at
io
n
wa
s
ob
ta
in
ed
re
ga
rd
in
g
th
e
ef
fe
ct
s
of
la
nd
us
e
on
ni
tr
at
e
mi
gr
at
io
n
to
th
e
wa
te
r
ta
bl
e
an
d
al
so
on
th
e
te
mp
or
al
va
ri
ab
il
it
y
of
th
e
ra
te
of
ni
tr
at
e
mo
ve
me
nt
,
ho
we
ve
r,
it
wa
s
no
t
po
ss
ib
le
to
ob
ta
in
qu
an
ti
ta
ti
ve
es
ti
ma
te
s
of
th
e
ye
ar
ly
ra
te
of
ni
tr
at
e
co
nt
ri
bu
te
d
to
th
e
gr
ou
nd
wa
te
r
flow system.
Ni
tr
at
e
Lo
ad
in
g
to
Hi
ll
ma
n
Cr
ee
k:
th
e
am
ou
nt
of
ni
tr
at
e
be
in
g
di
sc
ha
rg
ed
by
gr
ou
nd
wa
te
r
to
Hi
ll
ma
n
Cr
ee
k.
wa
s
de
te
rm
in
ed
us
in
g
th
re
e
me
th
od
s.
Fr
om
me
as
ur
em
en
ts
of
th
e
st
re
am
di
sc
ha
rg
e
an
d
st
re
am
ni
tr
at
e
co
nc
en
tr
at
io
n
at
a
we
ir
lo
ca
te
d
at
th
e
ou
tf
lo
w
fr
om
th
e
st
ud
y
ar
ea
,
it
wa
s
es
ti
ma
te
d
th
at
14
kg
N/
ha
/y
ea
r
we
re
di
sc
ha
rg
ed
to
th
e
st
re
am
by
gr
ou
nd
wa
te
r.
Us
in
g
a
fl
ow
ne
t
co
ns
tr
uc
te
d
al
on
g
th
e
st
re
am
,
th
e
ra
te
of
di
sc
ha
rg
e
wa
s
es
ti
ma
te
d
at
12
kg
N/
ha
/y
r,
an
d
by
di
vi
di
ng
th
e
am
ou
nt
of
ni
tr
at
e
in
gr
ou
nd
wa
te
r
st
or
ag
e
by
th
e
av
er
ag
e
re
si
de
nc
e
ti
me
a
va
lu
e
of
13
k
N/
ha
/y
r
wa
s
de
te
rm
in
ed
.
Al
th
ou
gh
ma
ny
as
su
mp
ti
on
s
we
re
ma
de
in
ea
ch
me
th
od
of
ca
lc
ul
at
io
n,
th
e
re
su
lt
s
ca
me
ou
t
ve
ry
cl
os
e
gi
vi
ng
so
me
co
nf
id
en
ce
th
at
th
e
ra
te
of
ni
tr
og
en
di
sc
ha
rg
e
to
th
e
st
re
am
is
pr
ob
ab
ly
wi
th
in
th
e
ra
ng
e
10
to
20
kg
N/
ha
/y
ea
r.
Th
is
is
le
ss
th
an
on
e-
ha
lf
th
e
ca
lc
ul
at
ed
ra
te
at
wh
ic
h
ni
tr
at
e
is
be
in
g
co
nt
ri
bu
te
d
to
th
e
gr
ou
nd
-
wa
te
r.
Al
th
ou
gh
in
co
nc
lu
si
ve
,
an
d
de
pe
nd
in
g
up
on
on
es
co
nf
id
en
ce
in
th
e
es
ti
ma
te
s,
th
is
co
ul
d
be
in
te
rp
re
te
d
as
fu
rt
he
r
ev
id
en
ce
of
de
ni
tr
if
ic
at
io
n
in
th
e
gr
ou
nd
wa
te
r
fl
ow
sy
st
em
.
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N
u
m
e
r
i
c
a
l
S
i
m
u
l
a
t
i
o
n
s
:
T
h
e
n
u
m
e
r
i
c
a
l
s
i
m
u
l
a
t
i
o
n
s
t
u
d
i
e
s
p
r
o
v
e
d
t
o
b
e
u
s
e
f
u
l
i
n
i
n
t
e
r
p
r
e
t
i
n
g
t
h
e
g
r
o
u
n
d
w
a
t
e
r
f
l
o
w
s
y
s
t
e
m
s
a
n
d
p
r
o
v
i
d
e
d
a
g
r
e
a
t
e
r
d
e
g
r
e
e
of
c
o
n
f
i
d
e
n
c
e
in
t
h
e
c
h
e
m
i
c
a
l
a
n
d
p
h
y
s
i
c
a
l
i
n
t
e
r
p
r
e
t
a
t
i
o
n
s
.
th
an
on
e
m
i
g
h
t
o
t
h
e
r
w
i
s
e
ha
ve
.
Th
e
d
e
g
r
e
e
of
c
o
m
p
l
e
xi
t
y
a
s
s
o
c
i
a
t
e
d
w
i
t
h
th
e
n
i
t
r
a
t
e
d
i
s
t
r
i
b
u
t
i
o
n
wa
s
su
ch
th
at
m
o
d
e
l
i
n
g
of
th
e
n
i
t
r
a
t
e
tr
an
sp
or
t
pr
oc
es
s
di
d
no
t
ap
pe
ar
to
be
pr
ac
ti
ca
l
or
fe
as
ib
le
Wi
th
ex
is
ti
ng
mo
de
ls
.
Al
th
ou
gh
th
e
co
nd
it
io
ns
in
ot
he
r
wa
te
rs
he
ds
co
ul
d
be
mo
re
fa
vo
ur
ab
le
,
at
th
e
mo
me
nt
we
se
e
li
tt
le
re
as
on
fo
r
op
ti
mi
sm
.
Th
is
si
tu
at
io
n
co
ul
d
im
pr
ov
e
wi
th
th
e
de
ve
lo
pm
en
t
of
mo
re
so
ph
is
ti
ca
te
d
mo
de
ls
as
we
ll
as
an
im
pr
ov
ed
un
de
rs
ta
nd
in
g
of
th
e
ni
tr
at
e
tr
an
sp
or
t
process.
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6. CONCLUSIONS
The
agr
icu
ltu
ral
act
ivi
ty
of
the
stu
dy
are
a i
s c
ont
rib
uti
ng
to
elevated nitrate concentrations in the groundwater.
The
maj
or
con
tri
but
ion
s
of
nit
rat
e
to
gro
und
wat
er
occ
ur
in
the
fal
l
and
spr
ing
, t
he
per
iod
s o
f m
ajo
r g
rou
ndw
ate
r r
ech
arg
e.
Alt
hou
gh
it
can
not
be
sai
d w
ith
cer
tai
nty
tha
t t
he
nit
rat
e r
eac
hin
g
the
gro
und
wat
er
is
a p
ort
ion
of
tha
t a
ppl
ied
as
fer
til
ize
r,
it
doe
s a
ppe
ar
cer
tai
n t
hat
the
nit
rog
en
bal
anc
e i
n t
he
cul
tiv
ate
d
areas favours nitrate leaching.
Th
e
ni
tr
at
e
co
nc
en
tr
at
io
ns
ar
e
ex
tr
em
el
y
va
ri
ab
le
bo
th
in
sp
ac
e
an
d
ti
me
an
d
al
th
ou
gh
the
hi
gh
va
lu
es
oc
cu
r
in
cu
lt
iv
at
ed
ar
ea
s,
th
er
e
do
es
no
t
ap
pe
ar
to
be
a
re
la
ti
on
sh
ip
be
tw
ee
n
the
am
ou
nt
of
ni
tr
og
en
ap
pl
ie
d
an
d
th
e
co
nc
en
tr
at
io
n
in
th
e
gr
ou
nd
wa
te
r.
Th
e
ev
id
en
ce
su
gg
es
ts
th
at
th
e
ni
tr
at
e
tr
an
sp
or
t
pr
oc
es
se
s
ar
e
co
ns
id
er
ab
ly
mo
re
co
mp
le
x
th
an
ha
d
be
en
an
ti
ci
pa
te
d.
Th
e
gr
ou
nd
wa
te
r
is
co
nt
ri
bu
ti
ng
ni
tr
at
e
to
th
e
st
re
am
at
a
ra
te
of
ap
pr
ox
im
at
el
y
10
to
20
kg
N/
ha
/y
r.
Th
e
fa
ct
or
s
co
nt
ro
ll
in
g
th
is
ra
te
ar
e
no
t
we
ll
un
de
rs
to
od
an
d
th
us
th
e
pr
oc
es
s
of
ex
tr
a-
po
la
ti
on
to
ot
he
r
ar
ea
s
be
co
me
s
ex
tr
em
el
y
un
ce
rt
ai
n.
Th
e
ni
tr
at
e,
DO
,
Eh
an
d
me
th
an
e
di
st
ri
bu
ti
on
s
pr
ov
id
e
st
ro
ng
ev
id
en
ce
th
at
de
ni
tr
if
ic
at
io
n
is
a
si
gn
if
ic
an
t
pr
oc
es
s
in
th
e
gr
ou
nd
wa
te
r
fl
ow
sy
st
em
of
th
e
st
ud
y
ar
ea
.
Ba
se
d
on
th
e
re
su
lt
s
of
th
e
tr
it
iu
m
an
al
ys
es
,
an
d
th
e
me
as
ur
ed
hy
dr
au
li
c
co
nd
uc
ti
vi
ty
an
d
hy
dr
au
li
c
he
ad
,
th
e
av
er
ag
e
re
si
de
nc
e
ti
me
of
th
e
gr
ou
nd
wa
te
r
is
ap
pr
ox
im
at
el
y
se
ve
n
ye
ar
s.
Th
e
am
ou
nt
of
ni
tr
at
e
re
ac
hi
ng
th
e
gr
ou
nd
wa
te
r
is
ap
pr
ox
im
at
el
y
50
kg
N/
ha
/y
ea
r
an
d
th
e
am
ou
nt
in
gr
ou
nd
wa
te
r
st
or
ag
e
is
ap
pr
ox
im
at
el
y
91
kg
N/
ha
.
Th
e
am
ou
nt
in
st
or
ag
e
is
on
ly
tw
ic
e
th
at
co
nt
ri
bu
te
d
 
 10.
ll.
12.
13.
14.
This
an
nu
al
ly
,
wh
il
e
th
e
av
er
ag
e
re
si
de
nc
e
ti
me
is
se
ve
n
ye
ar
s.
pr
ov
id
es
fu
rt
he
r
ev
id
en
ce
in
su
pp
or
t
of
de
ni
tr
if
ic
at
io
n
as
a
si
gn
if
ic
an
t
gr
ou
nd
wa
te
r
pr
oc
es
s.
If
de
ni
tr
if
ic
at
io
n
is
ac
ce
pt
ed
as
a
si
gn
if
ic
an
t
pr
oc
es
s,
th
en
ni
tr
og
en
ba
la
nc
es
ca
n
no
le
ng
er
be
us
ed
to
es
ti
ma
te
ag
ri
cu
lt
ur
es
co
nt
ri
bu
ti
on
to
th
e
co
nt
am
in
at
io
n
of
gr
ou
nd
wa
te
r
an
d
ul
ti
ma
te
ly
surface waters.
Gr
ou
nd
wa
te
r
in
pa
rt
s
of
th
e
fl
ow
sy
st
em
ha
d
re
si
de
nc
e
ti
me
s
in
ex
ce
ss
of
15
ye
ar
s.
In
ar
ea
s
of
lo
we
r
hy
dr
au
li
c
co
nd
uc
ti
vi
ty
or
lo
ng
er
tr
av
el
pa
th
s,
tr
av
el
ti
me
s
of
se
ve
ra
l
te
ns
of
ye
ar
s
to
hu
nd
re
ds
of
ye
ar
s
ar
e
qu
it
e
po
ss
ib
le
.
As
a
re
su
lt
,
it
ma
y
no
t
be
va
li
d
to
co
ns
id
er
st
re
am
wa
te
r
qu
al
it
y
to
re
fl
ec
t
cu
rr
en
t
agricultural practices.
Th
e
ag
ri
cu
lt
ur
al
ac
ti
vi
ty
of
th
e
ar
ea
di
d
no
t
ap
pe
ar
to
be
co
n—
tri
but
ing
phO
Sph
oru
s
or
pes
tic
ide
s
to
the
gro
und
wat
er
flo
w
sys
tem
.
The
maj
or
cat
ion
s,
wit
h
the
exc
ept
ion
of
K,
spe
cif
ic
con
duc
tan
ce
and
amm
oni
um
con
cen
tra
tio
n d
id
not
app
ear
to
be
aff
ect
ed
by
agriculture.
Ele
vat
ed
pot
ass
ium
con
Cen
tra
tio
ns
in
the
sha
llo
w
gro
und
wat
er,
alt
hou
gh
not
rep
res
ent
ing
an
env
iro
nme
nta
l
haz
ard
,
app
ear
ed
to
be
the result of fertilizer applications.
Acc
ept
ing
the
con
clu
sio
n t
hat
nit
rat
e i
s r
eac
tiv
e i
n g
rou
ndw
ate
rs,
one
mus
t a
cce
pt
the
con
clu
sio
n t
hat
det
erm
ini
sti
c m
ode
ls
can
not
be
use
d t
o p
red
ict
tra
nsp
ort
or
dis
cha
rge
rat
es
for
lar
ge
sca
le
syst
ems.
Alth
ough
appr
opri
ate
mode
ls
are
avai
labl
e at
the
pres
ent
time, the problem of identifying and describing the spatial and
temporal variability of the parameters and rate constants would
be an insurmountable task in most situations.
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7.
CO
MM
EN
TS
ON
EX
TR
AP
OL
AT
IO
N
AN
D
RE
ME
DI
AL
ME
AS
UR
ES
Th
e
un
ex
pe
ct
ed
de
gr
ee
of
co
mp
le
xi
ty
in
the
ni
tr
at
e
di
st
ri
bu
ti
on
s
ma
ke
s
di
sc
us
si
on
s
of
ex
tr
ap
ol
at
io
n
an
d
re
me
di
al
me
as
ur
es
di
ff
ic
ul
t,
an
d
in
de
ed
,
pe
rh
ap
s
pr
em
at
ur
e.
Du
ri
ng
th
e
fi
rs
t
ei
gh
te
en
mo
nt
hs
of
th
e
st
ud
y,
we
co
ns
id
er
ed
th
e
st
ud
y
ar
ea
to
re
pr
es
en
t
an
ex
tr
em
e
co
n—
di
ti
on
in
th
at
th
e
in
te
ns
iv
e
ag
ri
cu
lt
ur
e
in
th
e
ar
ea
co
mb
in
ed
wi
th
a
sa
nd
y
so
il
wo
ul
d
pr
od
uc
e
a
ma
xi
mu
m
ra
te
of
ni
tr
at
e
mi
gr
at
io
n
to
th
e
st
re
am
in
gr
ou
nd
wa
te
r.
Fo
ll
ow
in
g
th
is
re
as
on
in
g,
on
e
co
ul
d
co
nc
lu
de
th
at
th
e
ma
xi
mu
m
ra
te
of
gr
ou
nd
wa
te
r
ni
tr
at
e
mi
gr
at
io
n
to
st
re
am
s
wo
ul
d
be
on
th
e
or
de
r
of
10
to
20
kg
N/
ha
/y
ea
r.
On
th
e
ot
he
r
ha
nd
,
if
de
ni
tr
if
ic
at
io
n
wa
s
an
im
po
rt
an
t
pr
oc
es
s
in
th
e
st
ud
y
ar
ea
,
as
we
be
li
ev
e
it
wa
s,
th
en
th
e
ra
te
of
di
sc
ha
rg
e
to
st
re
am
s
co
ul
d
be
mu
ch
gr
ea
te
r
in
re
gi
on
s
wh
er
e
de
ni
tr
if
ic
at
io
n
do
es
no
t
oc
cu
r.
Th
e
ne
ed
fo
r
a
k
n
o
w
l
e
d
g
e
of
th
e
ex
te
nt
of
d
e
n
i
t
r
i
f
i
c
a
t
i
o
n
as
w
e
l
l
as
th
e
fa
ct
or
s
co
nt
ro
ll
in
g
it
s
ra
te
is
ap
pa
re
nt
.
Th
e
in
fo
rm
at
io
n
ob
ta
in
ed
in
th
e
de
ta
il
ed
s
t
u
d
y
a
r
e
a
o
f
H
i
l
l
m
a
n
C
r
e
e
k
c
o
m
b
i
n
e
d
w
i
t
h
th
e
d
a
t
a
o
f
P
a
r
t
II
of
t
h
i
s
r
e
p
o
r
t
m
a
y
p
r
o
v
i
d
e
a
b
r
o
a
d
e
r
b
a
s
e
f
o
r
e
x
t
r
a
p
o
l
a
t
i
o
n
.
T
h
e
p
r
o
b
l
e
m
o
f
e
s
t
a
b
l
i
s
h
i
n
g
r
e
m
e
d
i
a
l
m
e
a
s
u
r
e
s
s
u
f
f
e
r
s
f
r
o
m
t
h
e
s
a
m
e
d
i
f
f
i
c
u
l
t
i
e
s
a
s
e
x
t
r
a
p
o
l
a
t
i
o
n
.
U
n
t
i
l
t
h
e
n
i
t
r
a
t
e
t
r
a
n
s
p
o
r
t
p
r
o
c
e
s
s
i
s
f
u
l
l
y
u
n
d
e
r
s
t
o
o
d
,
o
n
e
c
a
n
n
o
t
e
x
p
e
c
t
t
o
d
e
v
e
l
o
p
f
u
l
l
y
r
a
t
i
o
n
a
l
a
n
d
t
r
u
l
y
e
f
f
e
c
t
i
v
e
r
e
m
e
d
i
a
l
m
e
a
s
u
r
e
s
.
T
h
e
n
e
e
d
f
o
r
r
e
m
e
d
i
a
l
m
e
a
s
u
r
e
s
i
s
a
c
r
u
c
i
a
l
a
n
d
c
o
m
p
l
e
x
q
u
e
s
t
i
o
n
.
O
b
v
i
o
u
s
l
y
,
i
f
t
h
e
n
i
t
r
a
t
e
i
n
g
r
o
u
n
d
-
w
a
t
e
r
u
s
e
d
a
s
a
w
a
t
e
r
s
u
p
p
l
y
e
x
c
e
e
d
s
d
r
i
n
k
i
n
g
w
a
t
e
r
s
t
a
n
d
a
r
d
s
,
t
h
e
n
r
e
m
e
d
i
a
l
m
e
a
s
u
r
e
s
a
r
e
r
e
q
u
i
r
e
d
.
T
h
e
m
o
s
t
e
f
f
e
c
t
i
v
e
a
n
d
l
e
a
s
t
c
o
s
t
l
y
m
e
a
s
u
r
e
c
o
u
l
d
b
e
t
h
e
d
e
v
e
l
o
p
m
e
n
t
o
f
a
n
a
l
t
e
r
n
a
t
e
w
a
t
e
r
s
u
p
p
l
y
r
a
t
h
e
r
t
h
a
n
a
t
t
e
m
p
t
i
n
g
t
o
i
m
p
r
o
v
e
t
h
e
g
r
o
u
n
d
w
a
t
e
r
q
u
a
l
i
t
y
.
S
i
m
i
l
a
r
c
o
n
s
i
d
e
r
a
t
i
o
n
s
C
O
u
l
d
b
e
r
e
q
u
i
r
e
d
i
f
g
r
o
u
n
d
w
a
t
e
r
d
i
s
c
h
a
r
g
e
s
t
o
s
u
r
f
a
c
e
w
a
t
e
r
s
e
x
c
e
e
d
d
r
i
n
k
i
n
g
w
a
t
e
r
s
t
a
n
d
a
r
d
s
.
W
i
t
h
r
e
S
p
e
c
t
t
o
t
h
e
e
u
t
r
o
p
h
i
c
a
t
i
o
n
o
f
s
u
r
f
a
c
e
 
 wa
te
rs
,
it
ma
y
be
po
ss
ib
le
,
th
ro
ug
h
th
e
ap
pl
ic
at
io
n
of
a
va
ri
et
y
of
re
me
di
al
me
as
ur
es
to
dr
as
ti
ca
ll
y
re
du
ce
th
e
ni
tr
at
e
co
nc
en
tr
at
io
n
in
th
e
wa
te
r.
Ne
ve
rt
he
le
ss
,
if
th
e
co
nc
en
tr
at
io
n
is
no
t
re
du
ce
d
be
lo
w
so
me
th
re
sh
ol
d
le
ve
l,
th
e
im
pa
ct
of
th
e
re
me
di
al
me
as
ur
es
on
eu
tr
op
hi
ca
ti
on
co
ul
d
be
mi
ni
ma
l.
Th
e
re
ma
in
de
r
of
th
is
se
ct
io
n
wi
ll
as
su
me
th
at
th
e
{d
ec
is
io
nh
in
fa
vo
ur
of
re
me
di
al
me
as
ur
es
ha
s
be
en
ma
de
.
Al
th
ou
gh
th
e
ev
id
en
ce
in
di
ca
te
s
th
at
ag
ri
cu
lt
ur
al
ac
ti
vi
ty
is
co
nt
ri
bu
ti
ng
ni
tr
ag
e
to
th
e
gr
ou
nd
wa
te
r
of
th
e
st
ud
y
ar
ea
,
th
e
ap
pa
re
nt
la
ck
of
co
rr
el
at
io
n
be
tw
ee
n
th
e
ra
te
of
ni
tr
og
en
fe
rt
il
iz
er
ap
pl
ic
at
io
n
an
d
th
e
ni
tr
at
e
co
nc
en
tr
at
io
n
in
th
e
gr
ou
nd
wa
te
r
ra
is
es
se
ri
ou
s
qu
es
ti
on
s.
Fo
r
ex
am
pl
e,
it
do
es
no
t
ap
pe
ar
th
at
a
si
mp
le
re
du
ct
io
n
in
ap
pl
ic
at
io
n
ra
te
wo
ul
d
ne
ce
ss
ar
il
y
re
du
ce
th
e
co
nc
en
tr
at
io
n
in
th
e
gr
ou
nd
wa
te
r.
In
ad
di
ti
on
,
if
de
ni
tr
if
ic
at
io
n
is
a
si
gn
if
ic
an
t
pr
oc
es
s,
th
en
the
am
ou
nt
of
ni
tr
at
e
re
ac
hi
ng
su
rf
ac
e
wa
te
rs
ma
y
be
mo
re
cl
os
el
y
re
la
te
d
to
th
e
ra
te
of
de
ni
tr
if
ic
at
io
n
th
an
to
th
e
ra
te
of
le
ac
hi
ng
.
Si
nc
e
th
e
ma
in
fl
ux
of
ni
tr
at
e
to
th
e
gr
ou
nd
wa
te
r
oc
cu
rs
in
the
fal
l a
nd
spr
ing
, a
ny
mea
sur
es
whi
ch
wil
l r
edu
ce
the
amo
unt
of
nit
rog
en
ava
ila
ble
for
lea
chi
ng
or
mea
sur
es
whi
ch
wil
l
red
uce
the
amo
unt
of
inf
ilt
rat
ion
sho
uld
red
uce
the
amo
unt
of
nit
rat
e r
eac
hin
g t
he
str
eam
.
The
pla
nti
ng
of
gre
en
cov
er
cro
ps
suc
h
as
rye
in
lat
e
sum
mer
,
or
ear
ly
fal
l
aft
er
har
ves
tin
g
the
pri
mar
y
eco
nom
ic
cro
p
cou
ld
red
uce
the
amo
unt
of
ni
tr
at
e
av
ai
la
bl
e
fo
r
le
ac
hi
ng
.
(T
hi
s
is
al
re
ad
y
pr
ac
ti
ce
d
by
se
ve
ra
l
far
mer
s i
n t
he
stu
dy
are
a.)
The
tim
ing
of
fer
til
ize
r a
ppl
ica
tio
n c
an
als
o
be
an
imp
ort
ant
fac
tor
.
If
the
tot
al
cro
p
req
uir
eme
nt
is
app
lie
d
at
the
tim
e o
f p
lan
tin
g,
the
n t
her
e i
s a
hig
h p
rob
abi
lit
y o
f m
uch
of
the
nit
rog
en
bei
ng
lea
che
d t
o t
he
gro
und
wat
er
by
hea
vy
Spr
ing
rai
ns.
On
the
oth
er
han
d,
if a
star
ter
fert
iliz
er i
s ap
plie
d at
the
time
of p
lant
ing
and
the
majo
r
crop requirement at a later time following the spring rains, then the
85
l
e
a
c
h
i
n
g
l
o
s
s
e
s
s
h
o
u
l
d
b
e
s
i
g
n
i
f
i
c
a
n
t
l
y
r
e
d
u
c
e
d
.
A
n
a
l
t
e
r
n
a
t
i
v
e
w
o
u
l
d
b
e
t
o
u
s
e
s
l
o
w
-
r
e
l
e
a
s
e
f
e
r
t
i
l
i
z
e
r
s
.
A
l
t
h
o
u
g
h
t
h
e
p
o
n
d
s
in
th
e
s
t
u
d
y
a
r
e
a
ar
e
f
e
d
b
y
g
r
o
u
n
d
w
a
t
e
r
,
a
l
l
n
i
t
r
a
t
e
m
e
a
s
u
r
e
m
e
n
t
s
o
f
p
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Figure 41. Selected flow lines and travel times as determined from the numerical
simulation results
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HZO—P19
H22—P16
H23—P21
H24—P15
EZS-Pll
H26-Pl6
H26-P20
H27-P21
H28-P24
H29-P29
H30—P22
1 #
Hydraulic Conductivity (cm/sec)
by the Variable Head Method
5.6
1.3
6.4
1.2
4.3
3.4
4.4
6.6
1.2
6.9
9.2
3.7
1.3
4.1
1.6
1.6
1.2
7.9
1.3
5.0
4.3
8.6
4.1
6.8
1.9
5.8
5.7
3.7
6.6
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
10
10‘3
—3
1o
10'3
1o"2
10‘3
10‘3
10'3
10'3
10'3
10'3
10"3
10'3
10"2
10"3
10‘2
10'2
10”2
-3
10"3
-3
10
10‘3
10'3.
10‘3
1o”3
—4
1o
10'3
10"3
10’3
10"3
continued
Table 4 .
Piezometer
H3l—P33
H32-P26
H33—P21
H34—P22
H34—P25
H35-P12
H35—P16
H35—P21
H37~Pl3
H38—P20
H41—Pl3
H4l-Pl7
H42—P24
H43—P27
Mean
Standard Deviation
 
Hydraulic Conductivity (cm/sec)
6.1 x 10‘3
4.3 x 10‘3
3.5 x 10'3
9.0 1110—3
5.3 x 10‘3
1.0 x 10‘2
1.1 x 10‘3
6.9 x 10‘3
6.3 x 10'3
3.7 x 10“3
8.9 x 10"3
4.7 x 10-3
3.3 x 10‘3
4.6 x 10—3
6.135 x 10'
3.666 x 10"
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 Table 8 continued
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H41P6
H41P8
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H41P20
H42P9WT
H42P5
H42P7
H42P9
H42P14
H42Pl9
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—8.6
Se c.12/75
5150(0/00)
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—8.8
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A r. 26/76
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—ll.2
-10
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Site Well
No. No.
H4 P10
H20 P10
H20 P19
H24 P10
H31 P16
H31 P33
H34 P10Wt
H34 P14
H34 P18
H36V P8
H36 P20
H4O P8
H4O P11
H41 P8Wt
H41 P13
H41 P17
H42 P9Wt
H42 P9
H42 P14
H43 P27
H43 P50
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Sept.12/75
Sept.12/75
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J
-
‘
N
K
O
O
O
O
O
O
O
(
.
0
4
5
.
m
o
o
u
m
o
o
o
x
-
b
m
m
o
o
o
u
o
c
o
u
.
m
w
-
b
J
-
‘
N
N
N
N
H
H
 
Aug. 10/76
(mg/fl)
15
20
13
22
.19
34
19
56
36
46.
37
21
27
25
27.5
11
69
12.5
29.5
38
71
40
8.25
5.5
25.5
27
26
15.5
16
35.7
16
13.5
-10
11
28.7
42.5
16
16.5
27.3
36.3
29.5
149
T
a
b
l
e
1
1
c
o
n
t
i
n
u
e
d
 
P
i
e
z
o
m
e
t
e
r
D
e
p
t
h
A
u
g
.
1
0
/
7
6
N
u
m
b
e
r
(
m
e
t
r
e
s
)
(
m
g
/
1
)
H
4
7
P
8
2
.
3
—
2
.
4
2
8
.
5
‘
H
4
7
P
1
3
3
.
9
—
4
.
0
3
5
H
5
1
P
1
0
2
.
3
—
3
.
0
2
9
.
3
H
5
1
P
1
2
3
.
1
—
3
.
7
2
9
.
5
H
5
1
P
1
6
4
.
3
—
4
.
9
3
0
.
3
H
5
1
P
2
3
6
.
4
—
7
.
0
3
1
.
5
H
5
1
P
2
9
8
.
2
—
8
.
8
2
3
.
5
H
5
2
P
8
1
.
8
-
2
.
4
3
0
H
5
2
P
1
1
2
.
8
—
3
.
4
3
1
H
5
2
P
1
6
4
.
3
—
4
.
9
2
8
.
8
H
5
2
P
2
1
4
.
8
—
6
.
4
‘
9
0
H
5
3
P
8
1
.
8
—
2
.
4
1
8
H
5
3
P
1
6
4
.
3
-
4
.
9
3
8
H
5
3
P
2
2
6
.
1
—
6
.
7
1
8
.
5
H
S
3
P
2
8
7
.
9
—
8
.
5
1
6
.
5
H
5
4
P
9
2
.
1
—
2
.
7
1
7
H
5
4
P
1
1
2
.
8
-
3
.
4
3
2
H
5
4
P
1
3
3
.
4
—
4
.
0
4
4
H
5
4
P
1
7
4
.
8
-
5
.
2
2
3
.
5
H
5
9
P
1
0
2
.
1
—
3
.
0
2
9
.
8
H
5
9
P
1
3
3
.
4
-
4
.
0
2
3
.
8
H
5
9
P
1
7
4
.
6
—
5
.
2
5
0
H
5
9
P
2
3
6
.
4
—
7
.
0
3
5
H
6
6
P
1
6
W
T
3
.
4
—
4
.
9
3
2
.
5
H
6
6
P
1
6
4
.
3
-
4
.
9
2
7
.
5
H
6
6
P
1
9
5
.
2
—
5
.
8
2
4
.
5
H
6
7
P
9
1
.
2
—
2
.
7
1
1
.
5
H
6
7
P
1
6
4
.
3
—
4
.
9
2
1
.
5
‘
P
o
n
d
n
e
a
r
3
0
2
7
.
5
E
P
o
n
d
n
e
a
r
3
1
4
6
E
P
o
n
d
n
e
a
r
3
6
B
3
2
g
C
r
e
e
k
a
t
H
2
4
3
4
.
5
C
r
e
e
k
a
t
H
2
5
_
3
1
.
5
C
r
e
e
k
a
t
W
e
i
r
3
2
.
3
T
i
l
e
d
r
a
i
n
a
t
H
2
5
4
1
D
i
t
c
h
a
t
H
8
‘
3
0
.
5
Table 12.
Piezometer
Number
H1P10
BlP23
HZPlO
H2P21
H3P9
H3P25
H4P9
’H4P10
H5P13
H5P26
H6P13
H6P30
H7P9
H7P22
H8P8
H8P14
H9P8
H9P17
H10P9
H10P15
H11P10
H11P19
H12P9
H12P24
H13P9
H13P19
H14P9
H14P16
H15P9
H15P26
H16P10
H16P26
H17P10
H17P26
H18P10
H18P8
H18P12
H18P16
H18P20
H18P23
H19P9
N
N
b
U
‘
b
N
N
N
N
l
—
‘
M
N
U
‘
.
O
L
D
C
D
k
D
O
N
U
’
I
V
J
-
‘
O
O
O
I
N
K
O
W
N
W
W
N
N
N
O
N
W
N
W
N
O
N
D
M
N
N
O
O
K
O
O
O
W
N
W
W
D
N
M
N
L
‘
N
O
‘
l
o
o
N
O
‘
L
‘
N
O
m
m
m
k
ﬂ
m
w
k
ﬂ
N
k
ﬂ
'
N
-
L
‘
H
O
N
L
n
-
L
‘
L
I
J
l
—
‘
H
N
H
N
H
N
H
b
i
-
‘
U
I
H
O
N
H
U
H
b
e
O
W
O
®
H
m
N
N
N
N
H
u
H
®
H
¢
H
\
l
m
o
m
O
O
-
L
‘
O
G
J
O
O
O
O
O
O
N
m
N
N
N
N
V
N
O
U
‘
I
\
l
e
N
-
b
c
h
ﬂ
N
O
\
O
\
b
W
N
w
\
l
w
\
I
W
\
I
N
b
N
U
1
N
\
I
the study area
Nov 13/75
164.8
110.4
92.0
82.4
98.4
103.2
113.6
96.0
80.0
98.4
120.0
118.4
182.4
144.8
150.4
147.2
96.0
148.8
113.6
102.4
128.8
169.2
75.2
150.4
123.2
184.0
88.0
85.6
87.2
129.6
130.4
97.6
139.2
174.4
141.6
132.0
Mar 24/75
Co
nc
en
tr
at
io
ns
of
ca
lc
iu
m
in
sa
mp
le
s
fr
om
ob
se
rv
at
io
n
we
ll
s
an
d
su
rf
ac
e
wa
te
rs
in
Apr 26/76
152
232
214
170.
I 150
148
138
124
100
'129
112
98
169
157
131
138
119
156
119
208
172
112
88
180
71
168
232
216
92
104
92
140
88
71
100
140
155
136
184
 
Aug 10/76
126
.87
168
116
113
108
97
111
79
108
105
132
108
11
126
165
105
118
87
160
181
87
92
' 100
121
72
121
127
118
85
 151
Table 12 continued
P
i
e
z
o
m
e
t
e
r
D
e
p
t
h
No
v.
13
/7
5
Ma
r.
24
/7
5
Ap
r.
26
/7
6
Au
g.
10
/7
6
Number (metres)
H1
9P
18
5.
1—
8.
4
12
6.
4
13
6
H2
0P
10
1.
5—
3.
0
91
.2
69
94
H2
0P
19
5.
4~
5.
7
27
2.
0
23
3
22
7
H2
1P
10
5.
4-
5.
7
84
.8
84
99
H2
1P
21
6.
0-
6.
3
14
1.
6
16
8
14
2
H2
2P
10
1.
5—
3.
0
88
.0
82
88
H2
2P
6
4.
5—
4.
8
13
0.
4
14
1
12
1
H2
3P
10
1.
5-
3.
0
10
0.
8
80
62
H2
3P
21
6.
0—
6.
3
12
6.
6
15
3
10
6
H2
4P
10
1.
5—
3.
0
15
6.
8
13
6
H2
4P
15
4.
2—
4.
5
19
7.
6
18
6
H2
5P
8
0.
9-
2.
4
15
6.
0
14
1
I
16
1
H2
5P
11
3.
0—
3.
3
16
6.
4
.1
67
H2
6P
8
WT
0.
9—
2.
4
11
6.
0
10
5
11
3
76
H2
6P
4
0.
9—
1.
2
13
2
17
7
H2
6P
6
1.
5—
1.
8
10
9
H2
6P
8
2.
1—
2.
4
95
'
95
81
'
H2
6P
12
2.
9—
3.
5
12
9.
6
16
3
11
4
12
1
H2
6P
16
4.
1-
4.
7
14
3.
2
15
2
13
6
12
4
H2
6P
20
5.
4-
6.
0
12
8.
0
15
8
15
7
11
7
H2
6P
26
7.
5—
7.
8
24
0.
0
38
3
36
2
41
3
H2
6P
56
15
.9
—1
.5
60
.8
75
H2
7P
8
0.
9—
2.
9
13
7.
6
13
6
H2
7P
21
5.
7—
6.
3
11
7.
6
13
9
11
0
H2
8P
10
1.
5-
3.
0
11
0.
4
11
1
88
H2
8P
24
6.
6-
7.
2
10
0.
0
11
4
H2
9P
14
2.
4-
4.
1
10
8.
8
‘
12
5
H2
9P
29
8.
1-
8.
7
10
3.
2
10
7
11
6
H3
0P
14
2.
6-
4.
1
13
6.
8
21
1
15
8
H3
0P
22
6.
0—
6.
6
11
7.
6
17
4
10
0
H3
1P
16
3.
2—
4.
7
93
.6
10
4
88
76
H3
1P
33
9.
2-
9.
8
11
1.
2
14
8
14
2
H3
2P
12
3.
5-
6.
0
16
3.
2
14
2
H3
2P
30
7.
2-
7.
8
10
9.
6
H3
3P
10
1.
4-
2.
9
13
8.
4
15
5
H3
3P
21
5.
7—
6.
3
15
0.
4
15
8
13
4
H3
4P
10
WT
1.
5-
3.
0
11
4.
4
H34P6 1.5—1.8
H3
4P
8
2.
1-
2.
4
10
3.
2
13
5
H3
4P
10
2.
7—
3.
0
10
1.
6
59
.5
11
8
H3
4P
12
3.
3—
3.
6
14
5.
6
12
6
10
5
H3
4P
14
3.
9—
4.
2
17
9.
2
14
9
10
8
H3
4P
16
4.
5—
4.
8
16
4.
8
15
3
10
8
H3
4P
18
5.
1-
5.
4
11
0.
4
72
11
6
H3
4P
20
5.
2-
6.
0
14
1.
6
16
6
10
8
H3
4P
22
6.
3-
6.
6
13
0.
4
14
3
V1
24
H3
4P
25
6.
9-
7.
5
11
0.
4
12
6
12
1
H3
4P
30
8.
7-
9.
0
38
4.
0
26
4
26
1
Piezometer
Number
H35P8 WT
H35P4
H35P6
H35P8
H35P12
H35Pl6
H35P21
HBSPZ6
H35P30
H36P8
H36P20
H37P10
H37P23
H38P14
H38P20
H39P8
H39P25
H4OP7 WT
H40P8
H40P11
H4OP15
H40P18
H40P22
H41P8 WT
H41P4
H51P6
H41P8
H41P10
H41Pl3
H41P17
H41P20
H42P9 WT
H42P5
H42P7
H42P9
H42P14
H42P19
H42P24
H42P28
H43P10
H43P27
H43P50
H45P6
H45P8
H45P14
H46P3
H46P6
H46P8
4
—
‘
A
T
a
b
l
e
1
2
c
o
n
t
i
n
u
e
d
Nov. 13/75
87.2
81.6
106.
118.
130.
128.
69.
288.
O
O
O
J
-
‘
b
b
154.
156.
151.
204.
480+
36.8
O
O
N
O
O
b
77.6
58.
84.
73.
95.
32.
84.
O
o
o
o
w
c
‘
o
o
b
111.
116.
93.
107.
107.
139.
N
N
N
O
‘
O
N
Mar. 24/75
117
129
113
162
159
148
121
186
76
43.
93
107
110
134
159
138
131
131
141
117
152
. 26/76
109
105
100
150
168
191
127
268
199 ,
214
65
74
109
91
114
45
100
145
100
136
136
131
165
 
Aug. 10/76
82
82
103
126
129
105
174
169
168
161
179
391
47
75
111
161
66
53
82
84
95
45
71
108
108
124
113
500
121
137
Piezometer
Number
H47P6
H47P8
H47P13
H48P3
H48P6
H48P8
H51P8 WT
H51P10
H51P12
H51P16
H51P23
H51P29
H52P8 WT
HSZPS
B52Pll
H52P16
HSZPZl
H53P8 WT
H53P8
H53P12
H53Pl6
HS3P22
H53P28
H54P9 WT
H54P9
H54P11
H54P13
H54Pl7
H55P9
H55P24
H55P7
H55P14
. H56P7
H56P14
H58P8 WT
H58P8
H58P12
H58Pl9
H59P10 WT
H59P10
H59Pl3
H59Pl7
H59P23
H61P9 WT
H61P16
H62P3
H66P16WT
Table 12 continued
Depth
(metres)
I
n
o
m
x
s
o
o
x
o
w
x
n
l
I
I
I
I
I
(
D
O
N
-
T
W
I
-
‘
D
b
-
b
N
N
O
m
O
’
N
-
L
‘
U
J
N
O
N
H
O
L
D
N
H
9
I
I
I
1
.
1
V
?
T
$
T
?
©
m
w
m
N
N
b
N
J
—
‘
N
N
N
U
‘
D
M
N
N
O
O
O
‘
D
w
N
N
O
‘
w
a
N
O
O
N
b
L
D
W
N
N
I
-
d
O
b
N
I
—
J
\
I
N
O
D
N
V
U
I
V
O
N
D
D
b
K
O
b
-
b
m
e
K
O
V
O
-
D
b
m
k
o
0
-
5
0
0
\
I
K
I
I
N
I
-
‘
C
I
J
O
-
D
O
O
H
.
I
.
.
T
?
?
“
I
I
I
W
U
‘
I
L
A
J
\
O
O
O
N
O
N
O
O
O
O
O
N
D
D
W
H
w
I
—
‘
w
b
I
—
‘
Y
‘
N
H
l
O
.
.
<
.
O
I
w
o
n
t
-
\
N
t
ﬁ
l
-
‘
b
o
N
k
-
‘
k
ﬂ
w
F
-
‘
O
U
J
I
-
‘
W
H
©
N
J
>
U
)
N
N
H
\
I
O
‘
-
I
>
w
I
-
‘
O
I
b
O
b
N
N
m
-
b
w
Aug. 10/76
113
118
116
97
132
134
126
208
100
97
124
155
89
92
119
103
103
132
103
125
95
134
108
111
142
105
  
Piezometer
Number
H66P16
H66P19
364P9
H67P16
T
a
b
l
e
1
2
c
o
n
t
i
n
u
e
d
D
e
p
t
h
N
o
v
.
1
3
/
7
5
(metres)
4.3—4.9
—5.
-2.
-4
a
5.
7.
4.
W
N
N
\
O
N
G
)
Pond near H4
Pond near
Pond near
H7
H11
Pond near H18
Pond near
Pond near
H22
H24
Pond near H27
Pond near
H30
Pond near H31
Pond near H36E
Pond near H36W
Pond near
Creek
Creek
Creek
Creek
Creek
Creek
Ditch
at
at
at
at
at
at
at
Tile Drain at H8
Tile Drain at H10
Tile Drain at H25
132
H41
H2
H21
H24
H25 145.6
H41 132.8
Weir 132.8
H8 129.6
113.6
Mar. 24/75
109
148
Apr.
26/76
114
100
' 100
65
82
158
73
93
97
141
143
109
138
156
137
145
135
112
119
 
Aug. 10/76
79
87
105
76
103
118
113
74
116
100
139
133
132
111
 u
m
1
w
1
94
99
31
48
9.
23
48
51
48
45
10
32
48
62
53
94
69
8
22
86
67
. I
I C
I I
I O
I C
O O
I O
O I
O I
I O
I I
O 0
I O
I I
I.
O O
.
O
O .
0.
I Q
8
53
89
94
53
38
38
38
68
69
60
72
25
42
90
36
83
88
27
27
78
M
11
11
11
11
11
11
11
11
11
21
21
11
2
21
2
1
1
l
11
1
m
e
0 h
6
r
t
7
f
/
5
s
.m
M.
81
5.
21
15
61
68
36
14
70
96
38
39
26
11
02
06
80
76
85
61
U I
O C
O C
I O
I.
I O
O I
O O
I C
.
O.
I O
I I
. O
.
O C
.
II
.
0 Q
U I
C
e
75
43
55
36
46
18
48
69
49
46
35
02
50
98
83
78
63
83
76
5
m e
A
t
3
%
n
i
e
5
c
7
m
a
/
u
f
4
78
6
27
.1
r
2
an
o
.
o
s
u
62
9
75
e
s
r
1
11
n
a
a:
M
)
m
a
l
.f
S
/
o u m. B
S
e
(
/
mw
P3
46
08
94
84
20
50
49
06
52
04
08
24
69
08
29
4
58
60
9
i
n
87
82
54
65
16
67
88
01
19
24
60
78
45
82
77
0
72
76
0
a
.m
w
W
11
11
11
11
11
11
12
2
11
11
12
11
2
1
11
11
11
r
t
r
N
t
a
a
n
V
M;
w
m
M
w.
\W
0
0
0
4
7
5
7
0
9
8
9
0
7
6
4
2
4
1
7
5
0
7
7
2
7
7
7
8
7
8
0
8
0
8
0
4
8
8
0
9
7
C
o
s
e
3
7
3
6
2
7
2
3
3
7
3
9
2
6
2
4
2
5
2
4
3
5
2
7
2
5
2
4
2
7
3
7
3
7
3
2
3
4
6
6
2
r
_
_
_
_
_
_
_
_
_
.
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
.
_
_
_
_
_
.
_
_
_
.
_
_
_
U.
5
7
5
1
2
2
2
7
4
5
4
7
2
3
9
9
9
8
2
2
5
4
2
0
.
“
4
2
5
2
5
3
5
5
5
5
8
0
2
4
6
2
3
(mx
1
6
1
6
1
7
1
2
2
7
2
8
1
6
0
3
0
4
1
4
1
5
1
6
1
5
1
4
1
7
1
7
1
7
1
1
3
4
5
6
1
l
k
r
a
m
m
T
er
5
0
9
4
9
6
6
0
6
0
6
0
2
6
0
3
me
0
3
0
1
5
0
3
6
3
0
2
4
7
9
1
1
1
9
2
9
1
9
1
9
2
1
2
1
2
1
8
1
1
2
2
9
Ob
1
2
1
2
9
2
9
1
1
2
1
3
9
2
8
1
8
1
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
F
P
2m
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
O
O
l
1
2
2
3
3
4
4
5
5
6
6
7
7
8
8
8
8
8
8
9
eu
1
1
2
2
3
3
4
4
5
5
6
6
7
7
8
8
9
9
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
MN
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
B
H
H
H
H
H
H
H
H
H
H
H
H
H
u
n
P
i
e
z
o
m
e
t
e
r
N
u
m
b
e
r
H
1
9
P
1
8
H
Z
O
P
I
O
H
2
0
P
1
9
H
2
1
P
1
0
H
2
1
P
2
1
H
2
2
P
1
0
H
2
2
P
1
6
E
Z
3
P
1
0
H
Z
B
P
Z
I
E
Q
A
P
O
H
Q
A
P
B
H
2
5
P
8
H
2
5
P
1
1
E
2
6
P
8
W
T
H
2
6
P
4
H
2
6
P
6
H
2
6
P
8
E
2
6
P
1
2
H
2
6
P
1
6
H
2
6
P
2
0
H
2
6
P
2
6
H
2
6
?
5
5
H
2
7
P
8
H
2
7
P
2
1
B
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21.
6
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-1.
8
20.
4
H48
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2.3
—2.
4
20.
5
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-2.
4
18.
5
H51
P10
2.4
-3.
0
16.
5
H51
P12
3.1
-3.
7
14.
6
H51
P16
4.3
—4.
9
16.
3
H51
P23
6.4
-7.
0
18.
4
H51
P29
8.2
—8.
8
9.9
H52
P8
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0.9
—2.
4
17.
0
H52
P8
2.3
—2.
4
21.
2
H52
P11
2.8
-3.
4
16.
9
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P16
4.3
-4.
9
16.
5
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P21
4.8
—6.
4
0.0
H53
P8
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0.9
—2.
4
13.
3
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P8
1.8
-2.
4
11.
2
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P12
3.1
-3.
7
16.
8
H53
P16
4.3
—4.
9
14.
7
H53
P22
6.1
—6.
7
17.
4
H53P
28
7.9-
8.5
0.0
H54P
9 WT
1.2-
2.7
9.7
H54P
9
2.1—
2.7
9.6
H54P
11
2.8-
3.4
14.3
H54P13 3.4—4.0 19.6
H54P17 4.8—5.2 21.4
H55P9 2.1-2.7 7.4
H55P24 6.7—7.3 12.4
H55P7 1.5—2.1
H55P14 3.7-4.3
H56P7 1.5—2.1
H56P14 3.7—4.3
H58P8 WT 0.9—2.4 15.4
HS8P8 1.8—2.4 13.1
H58P12 3,1-3.7 13.2
H58Pl9 5.2-5.8 19.3
H59P10 WT 1.5—3.0 17.2
H59P10 2.1—3.0 18.7
H59P13 3.4—4.0 13.6
H59P17 4.6—5.2 19.2
H59P23 6.4-7.0 14.3
H61P9 WT 2.1-2.7 13.6
: H61P16 4.3—4.9 2.03
; H62P3 0.3—.09 13.9
§. H66P16WT 3.4-4.9 13.6
‘; H66P16 4.3—4.9 10.5
g; H66P19 5.2-5.8 1.19
f: H67P9 WT 7.2—2.7 1.21
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Piezometer
Number
H47P8
H17Pl3
H48P3
H48P6
H48P8
H51P8 WT
H51P10
H51P12
H51P16
H51P23
H51P29
H52P8 WT
H52P8
H52P11
H52P16
H52P21
H53P8 WT
H53P8
H53P12
H53P16
H53P22
H53P28
H54P9 WT
H54P11
H54P13
H54Pl7
H55P9
HSSPZA
H55P7
H55P14
H56P7
H56Pl4
H58P8 WT
H58P8
H58P12
H58P19
H58P10 WT
H59P10
H59P13
H59P17
H59P23
H61P9 WT
H61P16
H62P3
H66Pl6 WT
H66P16
H66P19
H67P9
Table 14 continued
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Aug 10/76
13.0
612.8
14.0
13.3
14.0
20.7
19.9
19.7
17.7
18.7
51.9
19.3
1864
20.9
18.3
101
16.7
17.9
18.7
18.0
13.8
53.6
11.4
12.6
13.9
16.3
38.9
15.8
17.0
16.2
16.5
17.1
13.2
13.1
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27.1
17.7
12.4
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H3
1
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H4P10
H5P13
H5P26
H6P13
H6P30
H7P9
H7P22
H8P8
H8P14
H9P8
H9Pl7
H10P9
H10P15
H11P10
H11P19
H12P9
H12P24
H13P9
Hl3P19
H14P9
H14P16
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7.49
1.56
2.34
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Piezometer
Number
H34P30
H
3
5
P
8
W
T
0
.
9
H
3
5
P
4
0
.
9
—
.
H
3
5
P
6
1
5
H
3
5
P
8
2
1
H
3
5
P
1
2
3
.
0
H
3
5
P
1
6
4
.
2
-
H
3
5
P
2
1
5
6
H35P26 7
H36P8 0
H36P20 5.
H37P10 1
H37P23
H38P14
H38P20
H39P8
H39P25
H40P7 WT
H40P8
H40P11
H40P15
H40P18 4
H40P22 5
H
4
1
P
8
W
T
0
H
4
1
P
4
0
H41P6 1
H41P8 2
H
4
1
P
1
0
2
.
3
4
5
1
1
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2
Depth
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H41P13
H41P17
H41P20
H42P9 WT
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P
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2
P
2
4
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6
H
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4
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Nov 13/75
9.3
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8.8
6.15
8.75
Mar 24/75
Apr 26/76
3.44
2.66
2.20
1.29
1.15
22.5
3.23
4.56
2.13
1.57
1.57
1.06
14.1
Aug 10/76
4.89
1.51
8335
1.91
12.6
3.12
1.41
1.65
7.95
1.72
2.64
1.65
9.15
8.45
2.56
1.31
1.03
16.8
3.53
7.74
3.51
1.80
1.55
1.20
-11.6
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Table 15 continued
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 Tablerl7.
Piezometer
Number
HlPlO
H1P23
HZPIO
H2P21
H3P9
H3P25
H4P9
H4P10
H5P13
H5P26
H6Pl3
H5P30
H7P9
H7P22
H8P8
H8Pl4
H9P8
H9Pl7
H10P9
H10P15
HllPlO
HllPl9
H12P9
H12P24
H13P9
Hl3Pl9
H14P9
H14Pl6
H15P9
H15P26
H16P10
H16P26
H17P10
H17P26
H18P10WT
H18P8
H18P12
H18P16
H18P20
H18P23
H19P9
H19P18
HZOPlO
HZOP19
La
bo
ra
to
ry
sp
ec
if
ic
co
nd
uc
ta
nc
e
(u
mh
o/
cm
)
of
sa
mp
le
s
fr
om
ob
se
rv
at
io
n
we
ll
s
an
d
su
rf
ac
e
wa
te
r
in
th
e
st
ud
y
area (at 25°C)
Nov. 13
1975
540
730
1.55mmho/cm
470
600
560
500
530
560
570
530
660
680
640
720
740
630
840
720
1.12mmho/cm
780
640
510
820
350
760
1.35mmho/cm
1.80mmho/cm
530
540
520
680
360
460
520
590
710
570
'810
680
390
1.11mmho/cm
Mar. 24
1976
670
510
570
760
570
Aug. 10
1976
630
520
840
420
520
550
640
610
580
680
490
620
610
600
770
710
610
660
680
760
690
840
610
570
680
690
470
750
650
810
400
500
560
630
630
410
670
720
660
530
680
560
1.03mmho/cm
172
or ____—__-_‘ 
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Table 17 continued
Nov. 13
1975
Piezometer
Number
750
630
2.65mmho/cm
960
960
1.22mmho/cm
880
H35P21
H35P26
H35P3O
H37P10
H37P23
H38P14
H38P20
H39P8
H39P25
H4OP7WT
H40P8
H4OP11
H4OP15
H4OP18
H40P22
H41P8WT
H41P8
H41P10
H41P13
H41P17
H41P20
H42P9WT
H42P5
H42P7
H42P9
H42P14
H42P19
H42P24
H42P28
E43P27
H43P50
H45P8
H45P14
H46P3
H46P6
H46P8
H47P6
H47P8
H47Pl3
H48P3
H48P6
H48P8
H51P8WT
HSIPlO
H51P12
HSlPl6
H51P23
H51P29
HSZPSWT
HSZPS
HSZPll
242
218
451
459
530
510
382
560
466
540
670
600
1.75mmho/cm
Mar. 24
1976
720
570
1.99mmho/cm
273
475
461
530
650
730
660
660
710
600
1.80mmho/cm
Oct. 6
1976
780
1.03mmho/cm
650
780
800
830
840
810
890
850
830
880
 
Aug. 10
1976
750
530
1.90mmho/cm
990
980
1.00mmho/cm
960
2.50mmho/cm
610
400
510
680
760
770
710
430
300
490
480
540
500
570
400
570
610
620
580
3.82mmho/cm
490
500
580
670
630
750
670
690
770
800
840
840
710
720
620
710
810
750
740
760
780
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
——
—_
__
4l
II
II
II
II
II
II
II
-I
II
II
II
I-
II
II
II
II
II
I
Table 17 continued
Piezometer Nov. 13
Number 1975
H52P16
H52P21
H53P8WT
H53P8
H53P12
H53P16
H53P22
H53P28
H54P9WT
H54P9
H54Pll
H54P13
H54P17
H55P9
H55P24
H58P8WT
H58P8
H58P12
H58Pl9
H59P10WT
H59P10
H59P13
H59P17
H59P23
H61P9WT
H61P16
H62P3
H66P16WT
H66P16
H66P19
H67P9
H67Pl6
Po
nd
ne
ar
H4
58
0
Pond near H7
Pond near H11 630
P
o
n
d
n
e
a
r
H
1
8
4
0
0
Po
nd
ne
ar
H2
7
46
2
Po
nd
ne
ar
H3
0
48
6
Po
nd
ne
ar
H3
1
54
0
Po
nd
.n
ea
r
H3
6E
69
0
Pond near H36W
Creek at H2 530
Cr
ee
k
at
H2
1
64
0
Cr
ee
k
at
H2
4
68
0
Creek at H25
Creek at H41 730
Creek at Weir
Di
tc
h
at
H8
70
0
T
i
l
e
d
r
a
i
n
at
H
1
0
6
8
0
Mar. 24
1976
570
730
Oct.
1976
780
610
6
Aug. 10
1976
800
3.42mmho/cm
710
640
650
660
690
880
520
540
560
750
890
590
520
730
630
650
800
630
640
630
- 900
680
650
700
790
620
490
530
680
460
600
630
610
' 610
700
650
790
810
750
690
175
 
   
Table 17 continued
Piezometer
Number
Tile drain
Tile drain
Tile drain
Nov. 13
1975
at H8 600
at H24 760
at H25
Mar.
1976
24
Oct.
1976
790
6
Aug. 10
1976
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176
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e
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p
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g
1
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u
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n
e
3
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r
24
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J
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e
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P
i
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o
m
e
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e
r
1
9
7
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u
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y
6
A
p
r
2
6
A
u
g
6
A
u
g
21
S
e
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12
S
e
p
t
24
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th
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et
re
s)
1
9
7
6
19
75
19
75
19
75
19
75
19
75
19
76
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76
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76
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76
19
76
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ber
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0
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0
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P
1
0
6
0
H1
?2
3
H2P
10
0.
0
0
.
0
0.
1
0.1
0.
1
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1
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1
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1
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3
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.
2
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2
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2
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18
co
nt
in
ue
d
Au
g
6
Au
g
21
Se
pt
12
Se
pt
24
No
v
13
Ma
r
24
‘
Ap
r
26
Ju
ne
3
Ju
ne
25
Ju
ly
6
Au
g
10
Se
pt
16
19
76
J
u
n
e
1
2
De
pt
h
Pie
zom
ece
r
1
9
7
6
1
9
7
6
19
75
19
75
19
75
19
75
19
75
19
75
19
76
19
76
19
76
19
76
(m
et
re
s)
Num
ber
0.
0
0
.
0
0.
0
0.
0
0.
1
0.
0
0.
0
0.
0
0.
0
0.
0
0.
0
0.0
0
.
0
0.
0
0.1
0
.
1
0.1
0.0
0.
1
0.
0
0.1
0.1
0.0
0.1
0.3
0.5
0.3
0.3
0
.
9
-
2
.
4
H2
7P
8
0.
0
0.0
0.1
5
.
7
-
6
.
3
H2
7P
21
H
2
8
P
1
0
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P
2
4
0.1
0.
0
0.
0
0.
0
0.
1
0.
0
0.
1
0.0
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7.
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1
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1
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2
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Table
19.
Concentration
of
NH4
—N
in
surface
water
samples
Location
Aug
6
Oct
8
Nov
20
Apr
26
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3
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26
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6
Aug
10
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Table 20. Concentration of phosphate in selected observation wells.
Piezometer P(ug/l)
Number
H4OP15 3.5
H41P8 3.0
H26P12 1.0
H31P33 < l
H35P8 < l
Hl9P9 < l
H12P9 < l
H27P2 < l
H35P8 2.5
H18P12 < l
H3lPl6 < l
H12P26 6.0 ,
H42Pl4 1.5
H27P8 < l
H42P9 < l
H22P8 < l
H4lPlO < l
H32P3O < l
H35P12 < l
H32P12 2.0
H40P7 3.0
HlSPlO < l
Pond NEAR H31 2.0
Pond NEAR H31 3.0
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Table 21 continued
Aug 6 Aug 21 Sept 12 Sept 24 Nov 13 Mar 24 Apr 26 June 3 June 25 July 6 Aug 10 Sept 16
1975 1975 1975 1975 1975 1976 1976 1976 1976 1976 1976 1976
June 12
1975
Depth
(metres)
Piezameter
Number
7.2
0.0
4
.
3
0.
2
4.2
0.1
8.1 4.6
15.24.2
0.
1
5.
8
0.1
6.5
0.0
0.1
5.3
0.2
6.3
0.0
1.2—2.7
3.4
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7.8
1.5-3.0
HISP9
0.3
0.3
0.6
2.2
0.0
7.4
0.0
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H15
P26
3.
0
0.74.40.53.
7
0.0
11
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0.5
3.7
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H16
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2
3
0
.
9
1
0.2
18
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13
.0
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7.8
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3.9
0.
1
5.
4
0.0
2.5
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0.1
5.3 6.7 7.9
0.0
7.2
7.5—7.8
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H17
P10
H17P26 0.0
16.0
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0.
6
0.2
17
.7
0.0
9.0
5.
2
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4.3
0.6
0.6
0.4
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2
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0.3
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1.
1
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1
5
O
S
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0
.
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2
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3.
2 7.1
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1
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3.9 7.4
0.
0
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7
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.
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4,244.8
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1
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0
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81999
0.
00.30.40.6
0.1
0.0
0.0
20
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Table 21 continued (1977 data)
May 15/77
Mar 29/77 April 15/77'
DEPTH 0F
WELL
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NO.
WELL POINT
NO.
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Table 22. Concen
tration of N03 —
N in surface wate
r samples in the
study area
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6 July 6
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 Table 23 continued
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Table 24. Calculated NO3 N in groundwater storage
in the study area for April 24, 1976.
  
Piezometer NO3-N (mg/2) Saturated Thickness Nog-N (kg)
NeSt in the Brown Sands Of the Brown sands in the Groundwater
H52 not available -- —-
H38 64.3 1.0 169.4
H25 0 -- 0
H24 16.6 0.57 57.1
H15 15.2 0.36 39.1
H32 28.7 1.76 74.9
H56 not available -- --
H54 not available —- --
H14 3.0 1.16 13.0
H13 4.1 1.32 26.4
H2 0 -- 0
H27 0 —— 0
H42 12.5 4.16 65.7
H29
11.1
1.06
19.4
H34 39 4.93 625.5
H33
12.4
2.50
63.0
H28
6.1
1.46
12.7
H35
0.2
2.26
1.2
H40
not available
~-
--
H53 not available -- --
H7
0.4
1.56
0.4
H10 0 -— 0
H8 0 . ~ _— 0
H21
15.6
.
1.15
28.6
H66 not available —- --
H22
0.6
2.00
1.71
H20
21.4
_
1.55 v
41.9
H11
7.6
0.56
'
4.9
H26
23.6
3.80
64.0
H12
7.9
' 1.76
17.6
H1
not available
-
1
H6
11.6
1.87
48.8
E
H30
14.0
3.93
238.6
ﬂ
H5
7.6
1.60
100.1
5 H56 not available -
ﬁ
H16
2.9
2.58
16.8
3
H17
7.4
0.55
8.5
;.
m
a
5.3
2.49
23-3
ﬂ
H41
0.2
2.42
2.4
i
H19
85.6
2.35
695.8
K:
‘H23
1.2
2.21
11.5
5
H3
8.1
0.49
18.7
Total = 2491 kg
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Tab
le
25.
Cal
cul
ate
d
N03
vN
in
gro
und
wat
er
sto
rag
e
in
the study area for July 6, 1976.
Pi
ez
om
et
er
NO
—-
N
(mg
/2)
Sa
tu
ra
te
d
Th
ic
kn
es
s
NO
_-
N
(kg
)
I
Nes
t
3
of
the
Bro
wn
San
ds
3
in
the
Bro
wn
San
ds
in
the
Gro
und
wat
er
H5
2
no
t
av
ai
la
bl
e
—-
-—
H38
40.
5
0.8
7
92.
9
H25
0
—-
0
H24
7.6
0.5
6
25.
7
H15
4.2
0.1
4
4.2
H32
17.
3
0.1
5
3.8
H56
not
ava
ila
ble
-—
-—
H9
0
-—
-
0
H14
' 0.
7
0.8
6
2.2
H13
3.7
0.4
1
7.4
H2
0
——
0
H27
0
-
0
H42
24.
38
3.9
7
122
.2
H29
8.9
0.7
9
11.
6
H34
31.
3
4.6
6
480
.5
H33
13.
2
2.2
1
59.
3
H28
9.2
1.2
5
16.
4
H35
1.6
2.0
8.4
H4
0
no
t
av
ai
la
bl
e
-—
——
H5
3
no
t
av
ai
la
bl
e
--
——
H7
1.4
1.4
1.2
H10
0
-
0
H8
0
--
0
H21
10.
7
1.0
2
17.
4
H66
not
ava
ila
ble
~—
H22
13.
0
1.7
2
31.
9
H20
59.
1
1.2
8
95.
5
H11
2.6
'
0.5
3
1.6
H26
27.
4
3.4
1
66.
5
H12
4.4
1.6
2
9.0
H1
not
ava
ila
ble
~—
H6
4.0
1.5
2
V
13.
7
H30
10.
0
3.2
6
141
.4
H5
11.
2
1.2
0
110
.7
H56
not
ava
ila
ble
--
H16
6.1
2.2
1
30.
3
H17
7.4
0.2
2
l'3
.4
H18
26.
5
2.2
4
88.
0
H41
16.
9
1.9
7
164
.5
H19
61.
1
2.0
3
429
.0
‘H2
3
3.3
2.1
4
30.
6
H3
6.6
0.2
5
7.8
Total = 2077 kg
 Section
Number
10
200
Ta
bl
e
26
.
Ca
lc
ul
at
ed
ni
tr
at
e
di
sc
ha
rg
e
to
Hillman Creek using groundwater
flow data for April 1976.
Discharge
(ems/sec)
35
209
363
336
377
213
216
27.9
857
713
N03— N03_ Discharge
(mg) (kg N/year)
64.3 71
40 264
16 183
0 O
0 O
16.6 112
6
0
4
9
4
11 (2) 10
15 (?) 405
15 ('2) 337
 
Total = 1557 kg N/year
= 16 kg/ha/year
 Section
Number
10
.11
T
a
b
l
e
27
.
C
a
l
c
u
l
a
t
e
d
n
i
t
r
a
t
e
d
i
s
c
h
a
r
g
e
t
o
H
i
l
l
m
a
n
C
r
e
e
k
u
s
i
n
g
g
r
o
u
n
d
w
a
t
e
r
f
l
o
w
d
a
t
a
f
o
r
July 1976.
D
i
s
c
h
a
r
g
e
N
0
3
“
N
0
3
"
D
i
s
c
h
a
r
g
e
(c
m3
/s
ec
)
(m
g)
(k
g
N/
ye
ar
)
_
o
_
2
7
0
7.
6
55
2
5
0
7
.
6
6
0
..
o
..
..
o
..
1
7
7
14
.
7
8
3
7
8
32
.
3
8
1
1
1
0
3
3
.
1
1
5
5
0
4
0
.
5
6
4
6
7
5
7
.
6
1
6
2
4
4
4
.
2
6
 
T
o
t
a
l
=
9
3
1
k
g
N
/
y
e
a
r
=
9
k
g
/
h
a
/
y
e
a
r
 
   
Table 28. Measured Seepage Values along Hillman Creek
Seepage Meter
8M1
8M2
SM36
SM35
SM34
SM33
SM32
SM31
SM30
SM6
SM7
SM8
8M9
smo
SM24
SMZSE
SM25D _
smzsc
smzsa
SMZSA
SM25
SMZSF
smzsc
8M1 . 8
SM17
sms
SM16
SM19
SM20
Average Discharge
(m3/min)
(during baseflow periods)
0
0
0
0
0.25
1.24
0.20
1.21
0.51
0.60
1.74
3.36
4.02
19.7
0.4
26.1
-3.3
1.31
17.3
67.3
19.3
11.3
2.48
0.27
0.96
0.80
1.71
3.54
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 Table 28 continued
Seepage Meter
SM21
SM222
SM56
SM224
SMlZl
SM26
SM14
SM22A
SM22
SM113
SMllZ
SMlll
SMllO
SMlO9
SM108
SMlO7
8M106
SMIOS
SMlO4
SMlO3
SMlOZ
SMlOl
Average Discharge
(m3/min)
(during baseflow periods)
0.12
0.44
0.25
3.55
0.28
0.45
0.22
20.13
18.37
0.20
0.24
0.19
0.07
clay
clay
0.11
0.04
0.03
0.04
0.03
0.03
0.11
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the
rat
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f g
rou
ndw
ate
r m
ove
men
t t
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ugh
suc
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ate
ria
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is
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ord
er
of
fra
cti
ons
of
a
cen
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etr
e
to
a
few
cen
tim
etr
es
per
yea
r.
As
a
re
su
lt
,
th
er
e
ma
y
no
t
ha
ve
be
en
su
ff
ic
ie
nt
ti
me
si
nc
e
in
te
ns
iv
e
agr
icu
ltu
ral
pra
cti
ces
wer
e
ado
pte
d
for
nit
rat
e
to
hav
e
mov
ed
a
sig
nif
ica
nt
dis
tan
ce
thr
oug
h
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low
per
mea
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ity
mat
eri
als
.
The
low
nit
rat
e
con
cen
tra
tio
ns
may
als
o b
e
the
res
ult
of
den
itr
ifi
cat
ion
,
as
diS
Cus
sed
in
Par
t
I o
f
thi
s
rep
ort
.
As
a
res
ult
of
the
com
bin
ed
eff
ect
s o
f l
ow
nit
rat
e c
onc
ent
rat
ion
s a
nd
low
mig
rat
ion
rat
es,
it
is
qui
te
saf
e t
o s
ay
tha
t i
n w
ate
rsh
eds
whe
re
the
geo
log
ic
mat
eri
als
are
pre
dom
ina
ntl
y f
ine
-te
xtu
red
,
sig
nif
ica
nt
qua
nti
tie
s o
f n
itr
ate
wil
l
not
be
dis
cha
rge
d t
o s
urf
ace
wat
ers
by
the
gro
und
wat
er.
The
str
ong
geo
log
ic
con
tro
l o
n t
he
nit
rat
e d
ist
rib
uti
on
is
als
o r
efl
ect
ed
in
the
fac
t t
hat
the
re
was
no
app
are
nt
rel
ati
ons
hip
bet
wee
n l
and
use
and
nit
rat
e i
n t
he
gro
und
wat
ers
.
It
sho
uld
be
not
ed
tha
t t
her
e w
as
con
sid
era
ble
til
e d
rai
nag
e i
n A
G—l
and
AG-
4.
The
se
dra
ins
may
hav
e
prev
ente
d wa
ter
from
movi
ng t
o gr
eate
r de
pths
in t
hese
wate
rshe
ds
and
ther
efor
e co
uld
have
infl
uenc
ed o
ur o
bser
vati
ons.
Nitr
ate
dis~
charged to the streams from the tile drains was not monitored in this
study.
The areas which contained coarse to medium grained geologic
mat
eri
als
had
sig
nif
ica
nt
gro
und
wat
er
nit
rat
e c
onc
ent
rat
ion
s,
alt
hou
gh
generally less than 10 mg/l —N. These areas include AG—13 (Hillman
Creek) AG—2 (Venison Creek), AG—4 (Canagagigue - East branch) and the
Blue Springs watershed discussed by Stiebel (1977). Although there
is undoubtedly some relationship between land use and nitrate concen—
tration, it appears to be considerably more complicated than a direct
relationship between concentration and rate of fertilizer application.
For example, considering the high degree of variability in the data,
 ix
it cannot be said that the nitrate concentration in the groundwater
of
the
eas
t b
ran
ch
of
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Can
aga
gig
ue
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sig
nif
ica
ntl
y d
iff
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nt
fro
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n i
n t
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n C
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pro
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n C
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the
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car
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l m
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bel
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gro
und
sur
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n C
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wit
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und
sur
fac
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whi
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Ven
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Cre
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at
a
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10
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und
sur
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ur
ce
fo
r
de
ni
tr
if
ic
at
io
n
to
pr
oc
ee
d
in
th
is
ar
ea
.
On
th
e
ot
he
r
ha
nd
,
wi
th
th
e
sh
al
lo
w
wa
te
r
ta
bl
e
of
th
e
Hi
ll
ma
n
Cr
ee
k
Wa
te
rs
he
d,
si
gn
if
ic
an
t
so
lu
bl
e
or
ga
ni
c
ma
tt
er
ma
y
be
tr
an
sp
or
te
d
to
de
pt
hs
be
lo
w
th
e
wa
te
r
ta
bl
e.
Co
nt
in
ue
d
ox
id
at
io
n
of
th
e
or
ga
ni
c
ma
tt
er
co
ul
d
re
mo
ve
di
ss
ol
ve
d
ox
yg
en
an
d
re
du
ce
th
e
Eh
of
th
e
wa
te
r
un
ti
l
an
ae
ro
bi
c
ox
id
at
io
n
pr
oc
es
se
s
pr
ed
om
in
at
e.
Un
de
r
th
es
e
co
nd
it
io
ns
de
ni
tr
if
ic
at
io
n
co
ul
d
pr
oc
ee
d.
The
det
ail
ed
stu
die
s
in
the
Hil
lma
n
Cre
ek
Wat
ers
hed
(Pa
rt
I
of
thi
s
rep
ort
)
and
in
the
Blu
e
Spr
ing
s W
ate
rsh
ed
(St
ieb
el,
197
7)
sho
wed
wid
e
var
iat
ion
s
in
nit
rat
e
con
cen
tra
tio
n w
ith
in
are
as
whi
ch
wer
e g
eol
ogi
cal
ly
sim
ila
r a
nd
had
sim
ila
r l
and
use
.
As
a r
esu
lt,
the
re
is
con
sid
era
ble
unc
ert
ain
ty
reg
ard
ing
the
ext
ent
to
whi
ch
the
—
sparse instrumentation of this study can be considered representative
of a
part
icul
ar w
ater
shed
.
In a
ddit
ion,
shou
ld i
t be
show
n th
at
deni
trif
icat
ion
is a
sign
ific
ant
proc
ess
in g
roun
dwat
ers,
the
prob
lem
becomes considerably more complex. Although nitrate may be monitored
in the groundwater, the amount discharged to surface waters could be
a function of the factors controlling the rate of denitrification.
The quantification of these factors is quite problematic at the present
time. In View of these uncertainties, quantitative extrapolations
to other watersheds is highly speculative.
It should be noted that this report considers only the discharge
of nitrate in groundwater and does not consider surface runoff or tile
drainage. As a result, it does not address the problem of the total
nitrogen discharge to Surface waters under different land use and
 
geologic conditions. Some preliminary studies into this problem are
reported in Part III of this report.
 
 1. INTRODUCTION
As
dis
cus
sed
in
Par
t
I o
f
thi
s
rep
ort
,
the
upp
er
por
tio
n
of
the
Hil
lma
n
Cre
ek
wat
ers
hed
was
stu
die
d
in
con
sid
era
ble
det
ail
in
ord
er
to
eva
lua
te
the
pro
ces
ses
by
whi
ch
nit
rat
e
ent
ers
and
pas
ses
thr
oug
h
the
gro
und
wat
er
flo
w s
yst
em
of
tha
t a
rea
.
One
of
the
obj
ect
ive
s o
f t
hat
asp
ect
of
our
stu
die
s w
as
to
gai
n s
uff
ici
ent
inf
orm
ati
on
reg
ard
ing
the
tra
nsp
ort
pro
ces
ses
to
ena
ble
one
to
ext
rap
ola
te,
at
lea
st
in
a s
emi
-
qua
nti
tat
ive
man
ner
,
the
res
ult
s
to
oth
er
wat
ers
hed
s.
At
an
ear
ly
sta
ge
in
th
e
in
ve
st
ig
at
io
n,
it
be
ca
me
ap
pa
re
nt
th
at
the
co
mp
le
xi
ti
es
of
the
tra
nsp
ort
pro
ces
ses
in
the
sat
ura
ted
zon
e w
ere
suc
h
tha
t
ext
rap
ola
tio
ns
bas
ed
sol
ely
on
the
dat
a
for
Hil
lma
n
Cre
ek
wou
ld
be
ext
rem
ely
unr
eli
abl
e.
Con
seq
uen
tly
,
in
the
sec
ond
and
thi
rd
yea
rs
of
the
stu
dy,
a p
ort
ion
of
our
eff
ort
s
wer
e
dir
ect
ed
tow
ard
s
a r
eco
nna
iss
anc
e
sur
vey
of
nit
rat
e
con
cen
tra
tio
ns
in
the
gro
und
wat
er
of
oth
er
PLU
ARG
wat
ers
hed
s.
The
int
en—
tio
n w
as
to
obt
ain
gro
und
wat
er
nit
rat
e d
ata
und
er
a v
ari
ety
of
lan
d u
se
and
soi
l
typ
e c
ond
iti
ons
and
thu
s
to
pro
vid
e a
bro
ade
r b
ase
upo
n w
hic
h
to extrapolate.
As
a r
esu
lt
of
thi
s e
ffo
rt,
pie
zom
ete
rs
wer
e i
nst
all
ed
in
por
—
tio
ns
of
the
Hil
lma
n C
ree
k w
ate
rsh
ed
not
inc
lud
ed
in
the
det
ail
ed
stu
dy
are
a,
in
fiv
e a
ddi
tio
nal
PLU
ARG
wat
ers
hed
s a
nd
in
one
are
a n
ot
des
ign
ate
d
as
a P
LUA
RG
wat
ers
hed
.
In
mos
t c
ase
s,
the
ins
tru
men
ts
wer
e i
nst
all
ed
dur
ing
the
lat
e s
umm
er
and
fal
l o
f 1
976
and
mon
ito
red
dur
ing
the
lat
e
winter and spring of 1977.
   
2. METHODS
Th
e
in
st
al
la
ti
on
of
pi
ez
om
et
er
s
an
d
wa
te
r
sa
mp
li
ng
pr
oc
ed
ur
es
we
re
id
en
ti
ca
l
to
th
os
e
us
ed
in
th
e
Hi
ll
ma
n
Cr
ee
k
wa
te
rs
he
d,
as
de
sc
ri
be
d
in
PA
RT
I
of
th
is
re
po
rt
.
Th
e
pi
ez
om
et
er
s
we
re
ge
ne
ra
ll
y
in
st
al
le
d
in
ne
st
s
in
or
de
r
to
de
te
rm
in
e
th
e
ve
rt
ic
al
di
st
ri
bu
ti
on
of
ni
tr
at
e
in
th
e
gr
ou
nd
wa
te
r.
In
ad
di
ti
on
,
th
e
ne
st
s
we
re
ge
ne
ra
ll
y
lo
ca
te
d
ne
ar
th
e
st
re
am
in
or
de
r
to
de
te
rm
in
e
th
e
co
nc
en
tr
at
io
n
of
ni
tr
at
e
in
th
e
gr
ou
nd
-
wa
te
r
en
te
ri
ng
th
e
st
re
am
.
Th
e
st
ra
ti
gr
ap
hy
at
ea
ch
si
te
wa
s
de
te
rm
in
ed
fr
om
an
ex
am
in
at
io
n
of
sa
mp
le
s
co
ll
ec
te
d
du
ri
ng
th
e
dr
il
li
ng
pr
oc
es
s.
Th
e
el
ev
at
io
n
of
ea
ch
pi
ez
om
et
er
wa
s
de
te
rm
in
ed
re
la
ti
ve
to
a
lo
ca
l
an
d
ar
bi
tr
ar
y
be
nc
h
ma
rk
,
an
d
wa
te
r
le
ve
l
me
as
ur
em
en
ts
we
re
ma
de
at
th
e
ti
me
wa
te
r
sa
mp
le
s
we
re
co
ll
ec
te
d.
Fr
om
th
es
e
me
as
ur
em
en
ts
it
co
ul
d
be
de
te
rm
in
ed
wh
et
he
r
gr
ou
nd
wa
te
r
wa
s
di
sc
ha
rg
in
g
to
th
e
st
re
am
or
be
in
g
re
ch
ar
ge
d
fr
om
the
st
re
am
.
Th
is
is
ob
vi
ou
sl
y
es
se
nt
ia
l
in
-
fo
rm
at
io
n
if
on
e
is
at
te
mp
ti
ng
to
re
la
te
th
e
ni
tr
at
e
co
nc
en
tr
at
io
n
in
the
gro
und
wat
er
to
lan
d u
se
act
ivi
tie
s.
In
vie
w
of
the
spa
rse
net
wor
k
of
pie
zom
ete
rs
ins
tal
led
at
eac
h s
ite
, i
t w
as
not
pos
sib
le
to
cal
cul
ate
the
gro
und
wat
er
and
nit
rat
e f
lux
es
int
o t
he
str
eam
s.
All the water samples were analyzed for nitrate and ammonium
at the Soils Research Institute. One complete set of samples was ana—
lyzed for major cations in the Department of Earth Sciences.
 3. WATERSHED STUDIES
3.1 AG #13 Hillman Creek Watershed Outside the Detailed Study Area
3.1.1 Geology
The surficial‘geology of the Hillman Creek watershed southeast
(downstream) of the detailed study area generally shows glaciolacustrine
material with a clayey-silt till exposed along the creek embankment
(Vagners, 1972). Figure 1 shows the location of the watershed and the
areas of Study.
There is an exposure of clayey silt till immediately west of
study area #1. This clayey silt till is exposed in a narrow band for a
considerable distance along the downstream section of the stream. Through-
out
the
rema
inde
r of
much
of t
he w
ater
shed
this
clay
ey s
ilt
till
is o
ver—
lain by 1.5 m to 6.0 m of glaciolacustrine material. The texture of this
mate
rial
vari
es c
onsi
dera
bly
over
the
wate
rshe
d ra
ngin
g fr
om a
medi
um
sand
to s
ilts
and
clay
s.
Scat
tere
d th
roug
hout
the
wate
rshe
d ar
e eo
lian
deposits consisting of medium sand dunes developed on glaciolacustrine
sand.
Figure 2 shows the location of the test holes. Examination
of t
he d
rill
samp
les
indi
cate
d th
at t
he t
hree
stud
y ar
eas
are
unde
rlai
n
by
a g
rey
peb
bly
cla
y s
ilt
til
l t
o t
he
ter
min
ati
on
of
eac
h b
ore
hol
e.
The
1
dee
pes
t b
ore
hol
e w
as
loc
ate
d a
t s
tud
y a
rea
#1
and
was
ter
min
ate
d a
t a
dep
th
of
16
m.
Gla
cio
lac
ust
rin
e s
and
s w
ere
fou
nd
to
ove
rli
e t
he
the
y
silt
till
to a
dept
h of
3 m
at s
tudy
area
#2 a
nd 2
.5 m
at s
tudy
area
#3.
Stu
dy
are
a #
1 h
ad
2 m
of
med
ium
san
d a
t t
est
hol
e H
72
but
no
gla
cie
-
lac
ust
rin
e m
ate
ria
l i
n t
he
oth
er
two
tes
t h
ole
s.
Com
ple
te
bor
eho
le
logs recorded from test drilling are shown in Appendix A.
   
3.
1.
2
Ob
se
rv
at
io
n
We
ll
Ne
tw
or
k
Fo
ur
to
si
x
ob
se
rv
at
io
n
we
ll
s
we
re
in
st
al
le
d
at
ea
ch
of
th
e
se
ve
n
si
te
s
lo
ca
te
d
wi
th
in
th
e
ar
ea
s
of
st
ud
y.
Ne
st
s
H7
0,
H7
1
an
d
H7
2
we
re
lo
ca
te
d
at
st
ud
y
ar
ea
#1
,
H6
8
an
d
H6
9
at
ar
ea
#2
an
d
H7
3
an
d
H7
4
at
ar
ea
#3
.
We
ll
s
lo
ca
te
d
in
st
ud
y
ar
ea
#1
an
d
st
ud
y
ar
ea
#2
ha
ve
0.
6
m
in
ta
ke
zo
ne
s
wh
il
e
we
ll
s
lo
ca
te
d
in
st
ud
y
ar
ea
#3
ha
ve
0.
3
m
an
d
0.
45
m
in
ta
ke
zo
ne
s.
Th
e
ob
se
rv
at
io
n
we
ll
s
we
re
in
st
al
le
d
at
1.
5
m
in
te
rv
al
s
be
gi
nn
in
g
im
me
di
at
el
y
be
lo
w
th
e
wa
te
r
ta
bl
e
an
d
at
3
m.
in
te
rv
al
s
be
gi
nn
—
in
g
5
m
be
lo
w
th
e
wa
te
r
ta
bl
e.
A
mo
re
de
ta
il
ed
de
sc
ri
pt
io
n
of
th
e
in
~
st
al
la
ti
on
s
is
gi
ve
n
in
th
e
bo
re
ho
le
lo
gs
sh
ow
n
in
Ap
pe
nd
ix
A.
$13 LmdUw
In
al
l
th
re
e
ar
ea
s
of
st
ud
y
th
e
pr
ed
om
in
an
t
cr
op
gr
ow
n
wa
s
co
rn
.
So
me
ho
rt
ic
ul
tu
ra
l
cr
op
s
su
ch
as
be
an
s
an
d
as
pa
ra
gu
s
we
re
lo
ca
te
d
ne
ar
st
ud
y
ar
ea
#1
,
ho
we
ve
r
al
l
si
te
s
ar
e
lo
ca
te
d
in
a
gr
as
sy
ar
ea
be
t—
we
en
Hi
ll
ma
n
Cr
ee
k
an
d
a
co
rn
fi
el
d.
St
ud
y
ar
ea
#2
ha
s
so
me
so
yb
ea
ns
an
d
a v
eg
et
ab
le
ga
rd
en
ne
ar
H6
8
bu
t
the
ma
in
cr
op
is
cor
n.
Co
rn
is
th
e
on
ly
crop near study area #3.
3.1.4 Results and Discussion
 
Hyd
rau
lic
Hea
d
— H
ydr
aul
ic
hea
d
val
ues
mea
sur
ed
on
Mar
ch
28,
Apr
il
15
and
May
5,
197
7 a
re
giv
en
in
Tab
le
1.
H68
sho
ws
gen
era
lly
dow
nwa
rd
hyd
rau
lic
gra
die
nts
whi
le
at
H69
the
sha
llo
w g
rad
ien
ts
are
upw
ard
tow
ard
s t
he
str
eam
and
at
gre
ate
r d
ept
hs
the
gra
die
nts
are
dow
nwa
rd.
H68
and
H69
com
pri
se
stu
dy
are
a
#2,
wit
h
H69
bei
ng
loc
ate
d
clo
ses
t
to
the
str
eam
(wi
thi
n
app
rox
-
ima
tel
y 8
m).
The
dat
a i
ndi
cat
es
tha
t H
68
is
in
a r
ech
arg
e z
one
and
tha
t
H69
is
in
a d
isc
har
ge
zon
e.
The
lat
era
l v
ari
ati
on
in
hyd
rau
lic
hea
d
indicates flow from H68 towards H69 i.e. towards the stream.
Th
e
re
su
lt
s
fo
r
ar
ea
1
an
d
3
ar
e
in
dé
nt
ic
al
to
ar
ea
2
in
th
at
th
e
pi
ez
om
et
er
ne
st
s
cl
os
es
t
to
th
e
st
re
am
sh
ow
up
wa
rd
hy
dr
au
li
c
gr
ad
ie
nt
s
 in
the
sha
llo
w g
rou
ndw
ate
r w
hil
e a
t a
ll
oth
er
loc
ati
ons
the
gra
die
nts
are
dow
nwa
rd.
The
lat
era
l g
rad
ien
ts
at
are
as
1 a
nd
3 a
lso
sho
w f
low
towards the stream.
The
re
is
no
ind
ica
tio
n t
hat
the
str
eam
dis
cha
rge
s w
ate
r
to
the
gro
und
wat
er
at
any
of
the
thr
ee
stu
dy
are
as.
As
a
res
ult
,
the
gro
und
wat
er
at
all
sam
pli
ng
poi
nts
pro
bab
ly
had
its
ori
gin
as
inf
ilt
rat
ion
thr
oug
h
the
sur
rou
ndi
ng
agr
icu
ltu
ral
lan
d.
In
vie
w
of
the
rel
ati
vel
y
lar
ge
hor
izo
nta
l
gra
die
nts
,
the
sha
llo
w
gro
und
wat
er
was
pro
bab
ly
rec
har
ged
ver
y
loc
all
y
whi
le
the
dee
per
wat
er
may
hav
e
ori
gin
ate
d
at
con
sid
era
ble
distances away.
Nit
rat
e
and
Amm
oni
a
— T
he
res
ult
s
of
nit
rat
e
and
amm
oni
a
ana
lys
es
of
wat
er
sam
ple
s
col
lec
ted
on
Sep
t.
25,
197
6
and
Mar
.
30,
Apr
il
15
and
May
15,
197
7
are
giv
en
in
Tab
le
2.
At
stu
dy
are
a
#2
(H6
8 a
nd
H69
),
all
sam
ple
s
co
ll
ec
te
d
in
Se
pt
em
be
r,
co
nt
ai
ne
d
no
de
te
ct
ab
le
am
mo
ni
um
,
wh
il
e
in
Ma
rc
h,
mos
t
sam
ple
s
con
tai
ned
a
sma
ll
amo
unt
(ge
ner
all
y
les
s
tha
n
1 m
g/l
NH4
+—N
).
As
sp
ri
ng
pr
og
re
ss
ed
,
th
e
nu
mb
er
of
sa
mp
le
s
co
nt
ai
ni
ng
am
mo
ni
um
de
cr
ea
se
d
an
d
th
e
ma
xi
mu
m
ob
se
rv
ed
co
nc
en
tr
at
io
n
in
Ma
y
wa
s
0.
07
mg
/l
.
In
vi
ew
of
th
e
ve
ry
lo
w
co
nc
en
tr
at
io
ns
,
th
er
e
ap
pe
ar
s
to
be
li
tt
le
to
ga
in
fr
om
a
fu
rt
he
r
co
ns
id
er
at
io
n
of
th
e
am
mo
ni
um
di
st
ri
bu
ti
on
.
Si
gn
if
ic
an
t
ni
tr
at
e
va
lu
es
at
st
ud
y
ar
ea
#2
oc
cu
rr
ed
on
ly
in
th
e
sh
al
lo
we
st
pi
ez
om
et
er
s
(H
68
-P
7,
H6
9-
P7
)
wi
th
va
lu
es
ge
ne
ra
ll
y
ra
ng
in
g
be
tw
ee
n
10
an
d
34
mg
/l
N0
3—
—N
.
At
H6
8,
th
e
sh
al
lo
w
ni
tr
at
e
co
nc
en
tr
at
io
n
Ch
an
ge
d
fr
om
9.
5
mg
/l
in
Se
pt
em
be
r
to
0.
0
in
Ma
rc
h,
31
.5
in
Ap
ri
l
an
d
34
.0
in
Ma
y,
wh
il
e
th
e
sh
al
lo
w
co
nc
en
tr
at
io
n
at
H6
9
re
ma
in
ed
qu
it
e
co
ns
ta
nt
at
ap
pr
ox
im
at
el
y
10
mg
/l
,
NO
3-
-N
.
In
vi
ew
of
th
e
sm
al
l
am
ou
nt
of
da
ta
,
no
att
emp
t w
as
mad
e
to
exp
lai
n t
he
tem
por
al
var
iab
ili
ty'
in
the
nit
rat
e
val
ues
.
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It
is
of
pa
rt
ic
ul
ar
no
te
,
ho
we
ve
r,
th
at
al
l
th
e
hi
gh
ni
tr
at
e
va
lu
es
ar
e
re
st
ri
ct
ed
to
th
e
ve
ry
sh
al
lo
w
gr
ou
nd
wa
te
r
zo
ne
.
At
st
ud
y
ar
ea
#1
(H
70
,
71
an
d
72
),
th
e
ma
xi
mu
m
ob
se
rv
ed
am
mo
ni
um
co
nc
en
tr
at
io
n
wa
s
0.
9
mg
/l
.
Mo
st
va
lu
es
we
re
co
ns
id
er
ab
ly
lo
we
r,
an
d
th
er
e
wa
s
no
di
st
in
ct
tr
en
d
in
ei
th
er
ti
me
or
sp
ac
e.
Th
e
ni
tr
at
e
co
nc
en
—
tr
at
io
ns
we
re
si
mi
la
rl
y
ve
ry
lo
w,
Wi
th
th
e
on
ly
va
lu
es
ex
ce
ed
in
g
1
mg
/l
be
in
g
re
co
rd
ed
fo
r
H7
2-
P6
(1
4.
7
-
Ma
rc
h,
6.
0
—
Ap
ri
l,
4.
0
-
Ma
y)
.
Th
e
am
mo
ni
um
co
nc
en
tr
at
io
ns
at
st
ud
y
ar
ea
#3
we
re
qu
it
e
lo
w
an
d
sh
ow
ed
no
tr
en
ds
.
Th
e
ni
tr
at
e
co
nc
en
tr
at
io
ns
at
H7
4-
P7
we
re
3.
24
on
Ma
rc
h
30
,
2.
67
on
Ap
ri
l
15
an
d
0.
7
on
Ma
y
15
an
d
at
H7
3—
P8
a
co
nc
en
tr
at
io
n
of
1.
2
mg
/l
wa
s
re
co
rd
ed
fo
r
Ma
rc
h
30
.
Al
l
ot
he
r
ni
tr
at
e
co
nc
en
tr
at
io
ns
fo
r
th
is
ar
ea
we
re
le
ss
th
an
0.
2
mg
/l
.
In
co
ns
id
er
in
g
th
e
da
ta
of
al
l
th
re
e
st
ud
y
ar
ea
s,
th
e
mo
st
ob
vi
ou
s
fe
at
ur
eis
th
at
si
gn
if
ic
an
t
ni
tr
at
e
co
nc
en
tr
at
io
ns
oc
cu
r
on
ly
in
th
e
gl
ac
io
la
cu
st
ri
ne
sa
nd
s
ov
er
ly
in
g
th
e
si
lt
cl
ay
ti
ll
.
It
is
no
t
cl
ea
r
if
th
is
di
st
ri
bu
ti
on
is
th
e
re
su
lt
of
ph
ys
ic
al
or
ch
em
ic
al
fa
ct
or
s.
Th
e
hy
dr
au
li
c
co
nd
uc
ti
vi
ty
of
th
e
ti
ll
is
pr
ob
ab
ly
th
re
e
to
fo
ur
or
de
rs
of
ma
gn
it
ud
e
le
ss
th
an
th
at
of
th
e
san
d.
As
a
re
su
lt
,
th
er
e
ma
y
no
t
ha
ve
bee
n
suf
fic
ien
t
tim
e
for
nit
rat
e
to
hav
e m
ove
d
int
o
the
til
l.
0n
the
oth
er
han
d,
at
H68
and
H69
,
the
sha
llo
w
gro
und
wat
er
in
the
san
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3.5.1 Geology
Both east and west branches of upper Canagagigue Creek are
located five to eight kilometres north of Elmira, Ontario. Figure 9
show
s th
e lo
cati
on o
f th
e wa
ters
hed.
The
geol
ogy
of t
he a
rea
is q
uite
complex and appears to have originated during eventspreceeding the
last ice advance in the area (Karrow, 1971). Beoause 0f its location
the area has been Subjected to glaciation by four different ice lobes
at various times.
The area of study can be divided into two major sections.
The first is a major spillway along much of the east branch of
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e
di
re
ct
io
n
of
fl
ow
wa
s
towards the stream.
Ni
tr
at
e
an
d
Am
mo
ni
um
—
Th
e
re
su
lt
s
of
th
e
ni
tr
at
e
an
d
am
mo
ni
um
an
al
ys
es
fo
r
sa
mp
le
s
co
ll
ec
te
d
on
th
re
e
da
te
s
(M
ar
ch
10
,
Ap
ri
l
12
an
d
Ma
y
10
)
ar
e
gi
ve
n
in
Ta
bl
e
14
.
Si
te
s
Cl
th
ro
ug
h
C6
ar
e
lo
ca
te
d
in
th
e
ea
st
br
an
ch
of
Ca
na
ga
gi
gn
e
Cr
ee
k
an
d
ge
ne
ra
ll
y
sh
ow
ap
pr
ec
ia
bl
e
ni
tr
at
e
co
nc
en
tr
at
io
ns
.
CS
is
an
ex
ce
pt
io
n
in
th
at
th
e
hi
gh
es
t
ni
tr
at
e
co
n—
ce
nt
ra
ti
on
ob
se
rv
ed
at
th
is
si
te
wa
s
0.
1
mg
/l
.
Th
e
sh
al
lo
w
gr
ou
nd
wa
te
r
at
C6
,
wh
ic
h
is
in
th
e
vi
ci
ni
ty
of
C5
,
ha
d
a
ni
tr
at
e
co
nc
en
tr
at
io
n
of
7.
7
mg
/l
in
Ma
rc
h,
de
cr
ea
si
ng
to
3.
0
mg
/l
in
Ma
y.
Th
e
de
ep
er
gr
ou
nd
-
wa
te
r
at
th
is
si
te
ha
d
ve
ry
lo
w
ni
tr
at
e
co
nc
en
tr
at
io
ns
.
Cl
th
ro
ug
h
04
ar
e
lo
ca
te
d
in
th
e
sa
me
ar
ea
,
an
d
al
l
sh
ow
si
gn
i-
fi
ca
nt
ni
tr
at
e
co
nc
en
tr
at
io
ns
.
Th
e
ma
xi
mu
m
co
nc
en
tr
at
io
n
ob
se
rv
ed
wa
s
10
.4
m
g
/
l
w
h
i
c
h
o
c
c
u
r
r
e
d
at
C3
-P
5
on
A
p
r
i
l
12
.
T
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
a
p
p
e
a
r
to
i
n
c
r
e
a
s
e
s
l
i
g
h
t
l
y
f
r
o
m
M
a
r
c
h
to
M
a
y
an
d
s
i
g
n
i
f
i
c
a
n
t
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
a
r
e
fo
un
d
t
h
r
O
ug
h
O
ut
th
e
m
e
a
s
u
r
e
m
e
n
t
zo
ne
.
A
l
l
w
e
l
l
s
(C
l
t
h
r
o
u
g
h
C4
)
s
h
o
w
s
i
m
i
l
a
r
t
r
e
n
d
s
i
n
s
p
a
c
e
a
n
d
t
i
m
e
.
I
n
M
a
r
c
h
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
t
e
n
d
e
d
to
i
n
c
r
e
a
s
e
w
i
t
h
d
e
p
t
h
w
h
i
l
e
in
A
p
r
i
l
t
h
e
h
i
g
h
e
s
t
c
o
n
c
e
n
t
r
a
t
i
o
n
s
t
e
n
d
e
d
to
b
e
n
e
a
r
t
h
e
w
a
t
e
r
t
a
b
l
e
w
i
t
h
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
d
e
c
r
e
a
s
i
n
g
w
i
t
h
de
pt
h.
In
M
a
y
th
e
l
ow
e
st
c
o
n
c
e
n
t
r
a
t
i
o
n
s
w
e
r
e
f
o
un
d
at
th
e
s
h
a
l
l
o
w
d
e
p
t
h
s
w
i
t
h
th
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
g
e
n
e
r
a
l
l
y
i
n
c
r
e
a
s
i
n
g
w
i
t
h
depth.
=
W
ﬁ
ﬂ
M
W
ﬁ
a
é
ﬁ
f
 
I
v
a
l
e
t
—
—
“3
    
e
r
g
-
«
.
1
7
.
—
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C7
t
h
r
o
ug
h
C1
0
ar
e
l
o
c
a
t
e
d
in
th
e
we
s
t
b
r
a
n
c
h
of
th
e
w
a
t
e
r
s
h
e
d
(F
ig
ur
e
10
)
a
n
d
w
i
t
h
th
e
e
x
c
e
p
t
i
o
n
of
C9
a
n
d
Cl
O-
Pl
4,
a
l
l
w
e
l
l
s
s
h
o
w
v
e
r
y
l
o
w
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
(
g
e
n
e
r
a
l
l
y
le
ss
t
h
a
n
1
m
g
/
l
-
N
9
.
C
9
-
P
1
2
c
o
n
t
a
i
n
e
d
th
e
h
i
g
h
e
s
t
c
o
n
c
e
n
t
r
a
t
i
o
n
o
b
s
e
r
v
e
d
in
th
e
C
a
n
a
g
a
g
i
g
u
e
w
a
t
e
r
-
sh
ed
(1
9.
8
mg
/l
N0
;
-N
).
Fr
om
th
e
sh
or
t
pe
ri
od
of
re
co
rd
av
ai
la
bl
e
an
d
th
e
sm
al
l
am
ou
nt
of
da
ta
av
ai
la
bl
e
co
nc
er
ni
ng
th
e
lo
ca
l
hy
dr
o-
ge
ol
og
ic
co
nd
it
io
ns
,
th
er
e
is
no
ap
pa
re
nt
re
as
on
fo
r
th
e
hi
gh
co
nc
en
-
tr
at
io
n.
Wi
th
in
th
e
we
st
br
an
ch
,
th
e
hi
gh
ni
tr
at
e
co
nc
en
tr
at
io
ns
we
re
ge
ne
ra
ll
y
re
st
ri
ct
ed
to
th
e
sh
al
lo
w
gr
ou
nd
wa
te
r.
Co
ns
id
er
in
g
bo
th
th
e
ea
st
an
d
we
st
br
an
ch
es
of
th
e
st
re
am
,
th
e
am
mo
ni
um
co
nc
en
tr
at
io
ns
we
re
qu
it
e
lo
w,
ge
ne
ra
ll
y
le
ss
th
an
0.
5
mg
/l
NH
+
-N
.
Tw
o
va
lu
es
we
re
ob
se
rv
ed
to
ex
ce
ed
1.
0
mg
/l
.
Th
es
e
va
lu
es
4
di
d
no
t
pe
rs
is
t
at
a
pa
rt
ic
ul
ar
sa
mp
li
ng
po
in
t
an
d
al
th
ou
gh
th
ey
di
d
oc
cu
r
at
si
te
s
wh
ic
h
al
so
ha
d
a
si
gn
if
ic
an
t
ni
tr
at
e
co
nc
en
tr
at
io
n,
th
ey
di
d
no
t
ap
pe
ar
to
sh
ow
an
y
tr
en
ds
in
sp
ac
e
or
in
ti
me
.
A
co
mp
ar
is
on
of
th
e
ea
st
an
d
we
st
br
an
ch
es
of
th
e
Ca
na
gu
gi
gn
e
Cr
ee
k
is
pa
rt
ic
ul
ar
ly
in
te
re
st
in
g
si
nc
e
th
ey
ar
e
lo
ca
te
d
ad
ja
ce
nt
to
ea
ch
ot
he
r
an
d
sh
ow
si
mi
la
r
la
nd
us
e,
bu
t
ar
e
hy
dr
og
eo
lo
gi
ca
ll
y
Ve
ry
di
ff
er
en
t.
Th
e
ea
st
br
an
ch
co
ns
is
ts
of
re
la
ti
ve
ly
co
ar
se
te
xt
ur
ed
ge
ol
og
ic
ma
te
ri
al
s
wh
ic
h
wo
ul
d
te
nd
to
gi
ve
ri
se
to
hi
gh
in
fi
lt
ra
ti
on
ra
te
s
an
d
ra
pi
d
gr
ou
nd
wa
te
r
ci
rc
ul
at
io
n.
On
th
e
ot
he
r
ha
nd
,
th
e
ne
ar
—
su
rf
ac
e
ge
ol
og
y
of
th
e
we
st
br
an
ch
ge
ne
ra
ll
y
sh
ow
s
fi
ne
te
xt
ur
ed
ti
ll
ma
te
ri
al
s.
Th
es
e
ma
te
ri
al
s
wo
ul
d
gi
ve
ri
se
to
lo
w
in
fi
lt
ra
ti
on
ra
te
s
an
d
ve
ry
sl
ug
gi
sh
gr
ou
nd
wa
te
r
ci
rc
ul
at
io
n.
It
is
in
te
re
st
in
g
an
d
pe
rh
ap
s
si
gn
if
ic
an
t
th
at
th
e
ra
pi
dl
y
ci
rc
ul
at
in
g
sy
st
em
co
nt
ai
ns
ni
tr
at
e
th
ro
ug
ho
ut
th
e
zo
ne
s
wh
ic
h
we
re
sa
mp
le
d
wh
il
e
th
e
sl
ug
gi
sh
sy
st
em
ge
ne
ra
ll
y
sh
ow
ed
19
ve
ry
lo
w
ni
tr
at
e
co
nc
en
tr
at
io
ns
th
ro
ug
ho
ut
th
e
re
gi
on
s
sa
mp
le
d.
Ma
jo
r
Ca
ti
on
s
—
Th
e
re
su
lt
s
of
th
e
ma
jo
r
ca
ti
on
an
al
ys
es
ar
e
gi
ve
n
in
Ta
bl
e
15
.
Th
e
co
nc
en
tr
at
io
ns
ar
e
qu
it
e
va
ri
ab
le
bu
t
ar
e
ge
ne
ra
ll
y
ty
pi
ca
l
of
a
ca
lc
it
e—
do
lo
mi
te
di
ss
ol
ut
io
n
sy
st
em
.
No
di
st
in
ct
io
n
ca
n
be
ma
de
be
tw
ee
n
th
e
gr
ou
nd
wa
te
rs
of
th
e
ea
st
an
d
we
st
br
an
ch
on
th
e
ba
si
s
of
th
e
ma
jo
r
ca
ti
on
s.
Th
e
mo
st
ir
re
gu
la
r
va
lu
e
wa
s
a
so
di
um
co
nc
en
tr
at
io
n
of
28
0
mg
/l
at
C4
—P
8.
Al
l
ot
he
r
so
di
um
co
nc
en
tr
at
io
ns
we
re
le
ss
th
an
10
0
mg
/l
an
d
mo
st
we
re
le
ss
th
an
30
mg
/l
.
Al
th
ou
gh
C4
—P
8
ha
d
a
co
nc
en
tr
at
io
n
of
28
0
mg
/l
,
C4
—P
ll
,
wh
ic
h
wa
s
lo
ca
te
d
ad
ja
-
ce
nt
to
bu
t
ap
pr
ox
im
at
el
y
on
e
me
te
r
de
ep
er
th
an
C4
—P
8
ha
d
a
co
nc
en
tr
a-
ti
on
of
on
ly
5
mg
/l
.
C4
wa
s
lo
ca
te
d
ne
ar
th
e
hi
gh
wa
y
an
d
th
us
ro
ad
sa
lt
ma
y
be
th
e
so
ur
ce
of
so
di
um
.
(C
hl
or
id
e
an
al
ys
es
we
re
no
t
pe
rf
or
me
d)
.
3
.
6
A
G
#
5
H
o
l
i
d
a
y
C
r
e
e
k
W
a
t
e
r
s
h
e
d
 
3.6.1 Geology
T
h
e
l
o
c
a
t
i
o
n
of
t
h
e
H
o
l
i
d
a
y
C
r
e
e
k
W
a
t
e
r
s
h
e
d
is
s
h
o
w
n
i
n
F
i
g
u
r
e
ll
.
T
h
e
b
e
d
r
o
c
k
of
t
h
e
r
e
g
i
o
n
is
t
h
e
D
e
t
r
o
i
t
R
i
v
e
r
F
o
r
m
a
t
i
o
n
o
f
t
h
e
D
e
v
o
n
i
a
n
P
e
r
i
o
d
a
n
d
i
s
o
v
e
r
l
a
i
n
b
y
r
e
l
a
t
i
v
e
l
y
t
h
i
c
k
Q
u
a
t
e
r
n
a
r
y
s
e
d
i
—
m
e
n
t
s
d
e
p
o
s
i
t
e
d
d
u
r
i
n
g
t
h
e
W
i
s
c
o
n
s
i
n
a
n
s
t
a
g
e
o
f
t
h
e
P
l
e
i
s
t
o
c
e
n
e
E
p
o
c
h
.
T
h
e
r
e
g
i
o
n
a
l
t
h
i
c
k
n
e
s
s
o
f
t
h
e
g
l
a
c
i
a
l
d
r
i
f
t
v
a
r
i
e
s
f
r
o
m
a
p
p
r
o
x
i
m
a
t
e
l
y
15 to 75 m.
T
h
e
g
e
n
e
r
a
l
s
t
u
d
y
a
r
e
a
i
s
l
o
c
a
t
e
d
i
n
a
n
i
n
t
e
r
l
o
b
a
t
e
z
o
n
e
b
e
t
w
e
e
n
g
l
a
c
i
e
r
s
m
o
v
i
n
g
f
r
o
m
b
o
t
h
t
h
e
H
u
r
o
n
b
a
s
i
n
a
n
d
E
r
i
e
-
O
n
t
a
r
i
o
b
a
s
i
n
.
A
s
a
r
e
s
u
l
t
o
f
i
t
s
p
o
s
i
t
i
o
n
,
t
h
e
a
r
e
a
w
a
s
p
r
o
b
a
b
l
y
i
n
f
l
u
e
n
c
e
d
b
y
t
h
e
a
d
v
a
n
c
e
a
n
d
r
e
t
r
e
a
t
o
f
s
e
v
e
r
a
l
i
c
e
l
o
b
e
s
o
f
d
i
f
f
e
r
i
n
g
o
r
i
g
i
n
r
e
s
u
l
t
i
n
g
i
n
a
n
o
v
e
r
a
l
l
m
i
x
i
n
g
o
f
s
e
d
i
m
e
n
t
s
a
n
d
t
h
u
s
a
c
o
m
p
l
e
x
l
i
t
h
o
l
o
g
y
.
 20
Ac
co
rd
in
g
to
Co
wa
n
(1
97
5)
,
th
e
ol
de
st
kn
ow
n
ti
ll
sh
ee
t
is
th
e
Ca
nn
in
g
Ti
ll
ov
er
ly
in
g
th
e
be
dr
oc
k.
Th
is
is
ov
er
la
in
by
th
e
Ca
tf
is
h
Ti
ll
wh
ic
h
is
in
tu
rn
ov
er
la
in
by
th
e
Po
rt
St
an
le
y
Ti
ll
an
d
th
e
Ta
vi
—
st
oc
k
Ti
ll
.
Th
e
ti
ll
s
ar
e
ge
ne
ra
ll
y
fi
ne
—t
ex
tu
re
d
bu
t
ma
y
co
nt
ai
n
stringers or lenses of sand.
Ma
ny
gl
ac
io
—l
ac
us
tr
in
e
an
d
gl
ac
io
—f
lu
vi
al
se
di
me
nt
s
we
re
de
po
si
te
d
in
the
Hol
ida
y
Cre
ek
bas
in.
The
onl
y
sed
ime
nts
of
thi
s
typ
e
enc
out
ere
d
dur
ing
the
ins
tal
lat
ion
of
the
obs
erv
ati
on
wel
ls
wer
e
gla
cio
—fl
uvi
al
out
was
h s
and
s.
Gen
era
ll,
the
sed
ime
nts
wer
e f
ine
—te
xtu
red
til
ls
(si
lty
san
d t
o s
ilt
y c
lay
) w
ith
min
or
san
d a
nd
gra
vel
lay
ers
.
3.6.2 Observation Well Networks
Twe
nty
obs
erv
ati
on
wel
ls
wer
e i
nst
all
ed
at
the
thr
ee
sit
es
sho
wn
in
Fig
ure
11.
The
obs
erv
ati
on
wel
ls
ran
ge
in
dep
th
fro
m 1
to
28.
3 m
bel
ow
gro
und
sur
fac
e w
ith
the
maj
ori
ty
loc
ate
d i
n t
he
upp
er
6 m
.
Wat
er
tab
le
wel
ls
and
wel
ls
loc
ate
d d
eep
in
the
til
l h
ave
1.5
m i
nta
ke
zon
es
whi
le
obs
erv
ati
on
wel
ls
loc
ate
d i
n t
he
upp
er
6 m
hav
e 0
.6
m i
nta
ke
zon
es.
3.6.3 Land Use
The
pri
mar
y c
rop
gro
wn
in
the
Hol
ida
y C
ree
k W
ate
rsh
ed
is
cor
n.
The
re
are
als
o s
ign
ifi
can
t a
cre
age
s o
f f
ora
ge
cro
ps,
cer
eal
gra
ins
and
pasture. Within the area of detailed study, the principal cmaps are
forages and cereal grains.
3.6.4 Results and Discussion
The results of the nitrate and ammonium analyses are showniin
Table 16. Site E3 showed concentrations of 5.5 and 7.0 mg/l of N0; -N
in the shallowest piezometers. All other sampling points showed zero
or near-zero concentrations of both ammonium and nitrate. The wells
containing nitrate were in the shallow groundwater, and were located
 in
coa
rse
tex
tur
ed
zon
es.
The
oth
er
wel
ls,
all
of
whi
ch
con
tai
ned
no
nit
rat
e,
wer
e
loc
ate
d
in
fin
e
tex
tur
ed
til
l
mat
eri
als
.
The
dat
a
at
thi
s
sit
e
app
ear
s
to
be
con
sis
ten
t
wit
h
tha
t
of
the
oth
er
wat
ers
hed
s.
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4. RELATED STUDIES
Hi
ll
ma
n
Cr
ee
k
-
Ve
ry
de
ta
il
ed
in
ve
st
ig
at
io
ns
of
th
e
ni
tr
at
e
di
st
ri
bu
ti
on
in
th
e
"D
et
ai
le
d
St
ud
y
Ar
ea
"
of
th
e
Hi
ll
ma
n
Cr
ee
k
Wa
te
rs
he
d
(F
ig
ur
e
2)
we
re
co
nd
uc
te
d.
A
di
sc
us
si
on
of
th
e
re
su
lt
s
of
th
os
e
in
ve
st
ig
at
io
ns
is
pr
es
en
te
d
in
Pa
rt
I
of
th
is
re
po
rt
.
Fo
r
th
e
pu
rp
os
e
of
co
mp
ar
in
g
wi
th
th
e
re
su
lt
s
of
th
e
ot
he
r
wa
te
rs
he
ds
,
th
e
re
su
lt
s
ob
ta
in
ed
in
th
e
De
ta
il
ed
St
ud
y
Ar
ea
wi
ll
be
su
mm
ar
iz
ed
he
re
.
Th
e
st
ud
y
ar
ea
wa
s
ap
pr
ox
im
at
el
y
3.
9
km
2
in
ar
ea
an
d
co
ns
is
te
d
of
sa
nd
,
va
ry
in
g
in
th
ic
kn
es
s
fr
om
1.
0
to
8
m,
ov
er
ly
in
g
an
im
pe
rm
ea
bl
e
si
lt
y
cl
ay
ti
ll
un
it
.
Th
e
ar
ea
wa
s
un
de
r
in
te
ns
iv
e
ag
ri
cu
lt
ur
al
pr
od
uc
-
ti
on
wi
th
to
ba
cc
o,
po
ta
to
es
an
d
or
ch
ar
ds
be
in
g
th
e
pr
im
ar
y
cr
op
s.
To
ma
to
es
,
pe
pp
er
s,
ot
he
r
ho
rt
ic
ul
tu
ra
l
cr
op
s
an
d
a
sm
al
l
am
ou
nt
of
ce
re
al
grains are also grown.
Th
e
ni
tr
at
e
co
nc
en
tr
at
io
n
in
cu
lt
iv
at
ed
ar
ea
s
te
nd
ed
to
be
hi
gh
at
sh
al
lo
w
de
pt
hs
be
lo
w
th
e
wa
te
r
ta
bl
e
th
en
de
cr
ea
se
d
to
ne
ar
ze
ro
at
gr
ea
te
r
de
pt
hs
wi
th
in
th
e
sa
nd
aq
ui
fe
r.
Th
e
co
nc
en
tr
at
io
n
of
ni
tr
at
e
in
gr
ou
nd
wa
te
r
be
lo
w
un
cu
lt
iv
at
ed
ar
ea
s
wa
s
ne
ar
ze
ro
.
Al
th
ou
gh
si
gn
if
ic
an
t
co
nc
en
tr
at
io
ns
we
re
ge
ne
ra
ll
y
en
co
un
te
re
d
in
th
e
gr
ou
nd
wa
te
r
be
ne
at
h
cu
lt
iv
at
ed
ar
ea
s,
th
er
e
di
d
no
t
ap
pe
ar
to
be
a
di
re
ct
re
la
ti
on
—
sh
ip
be
tw
ee
n
th
e
ni
tr
at
e
co
nc
en
tr
at
io
n
an
d
th
e
ra
te
of
fe
rt
il
iz
er
ap
pl
ic
at
io
n.
Wi
th
in
th
e
st
ud
y
ar
ea
th
e
ni
tr
at
e
co
nc
en
tr
at
io
n
va
ri
ed
3
co
nc
en
tr
at
io
n
wa
s
ab
ou
t
5
mg
/l
.
fr
om
0.
0
to
45
mg
/l
N0
-N
an
d
wi
th
in
th
e
vi
ci
ni
ty
of
th
e
st
re
am
th
e
Bl
ue
Sp
ri
ng
s
Wa
te
rs
he
d
-
De
ta
il
ed
st
ud
ie
s
of
th
e
oc
cu
rr
en
ce
an
d
mi
gr
a-
ti
on
of
ni
tr
at
e
in
th
e
gr
ou
nd
wa
te
r
of
a
po
rt
io
n
of
th
e
Bl
ue
Sp
ri
ng
s
Wa
te
rs
he
d
ha
ve
be
en
co
nd
uc
te
d
by
th
e
Un
iv
er
si
ty
of
Wa
te
rl
oo
.
A
co
mp
le
te
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description of the study is given by Stiebel (1977).
The
stu
dy
are
a i
s
loc
ate
d
abo
ut
15
km
eas
t
of
Gue
lph
nea
r
Roc
kwo
od.
The
str
ati
gra
phy
of
the
are
a
is
ver
y
com
ple
x w
ith
int
er-
be
dd
ed
co
ar
se
an
d
fi
ne
te
xt
ur
ed
un
it
s.
Th
e
su
rf
ac
e
ma
te
ri
al
s
ar
e
ge
ne
ra
ll
y
sa
nd
y
to
si
lt
y
in
te
xt
ur
ea
nd
ap
pe
ar
to
ha
ve
hi
gh
in
fi
lt
ra
ti
on
ca
pa
ci
ti
es
.
Th
e
pr
in
ci
pa
l
cr
op
s
gr
ow
n
in
th
e
ar
ea
ar
e
co
rn
,
ce
re
al
gr
ai
ns
an
d
fo
ra
ge
cr
op
s.
Si
gn
if
ic
an
t
ni
tr
at
e
co
nc
en
tr
at
io
ns
,
ge
ne
ra
ll
y
 
ra
ng
in
g
be
tw
ee
n
2.
0
an
d
10
.0
mg
/l
—N
we
re
ob
se
rv
ed
in
th
e
co
ar
se
te
xt
ur
ed
ge
ol
og
ic
ma
te
ri
al
s.
Th
e
co
nc
en
tr
at
io
ns
we
re
si
gn
if
ic
an
tl
y
gr
ea
te
r
be
ne
at
h
cu
lt
iv
at
ed
ar
ea
s
th
an
be
ne
at
h
un
cu
lt
iv
at
ed
ar
ea
s.
De
ni
tr
if
ic
at
io
n
St
ud
ie
s
-
Th
e
ob
se
rv
at
io
n
we
ll
s
di
sc
us
se
d
in
th
is
re
po
rt
ar
e
co
nt
in
ui
ng
to
be
mo
ni
to
re
d
un
de
r
De
pa
rt
me
nt
of
Su
pp
ly
an
d
Se
rv
ic
es
an
d
Da
pa
rt
me
nt
of
th
e
En
vi
ro
nm
en
t
an
d
Fi
sh
er
ie
s
co
nt
ra
ct
No
.
IS
U7
7-
00
15
3
Th
e
ob
je
ct
iv
e
of
th
is
mo
ni
to
ri
ng
pr
og
ra
mm
e
is
to
ob
ta
in
ad
di
ti
on
al
 
in
fo
rm
at
io
n
co
nc
er
ni
nt
hh
e
po
ss
ib
le
oc
cu
rr
en
ce
of
de
ni
tr
if
ic
at
io
n
in
gr
ou
nd
wa
te
r.
Th
e
ni
tr
at
e
da
ta
ob
ta
in
ed
in
th
is
st
ud
y
is
si
mi
la
r
to
th
at
in
cl
ud
ed
in
th
e
ta
bl
es
of
th
is
re
po
rt
.
As
pa
rt
of
th
e
st
ud
y,
di
ss
ol
ve
d
ox
yg
en
me
as
ur
em
en
ts
ar
e
al
so
be
in
g
ma
de
.
Wi
th
ve
ry
fe
w
3}
1t '
:
:
ex
ce
pt
io
ns
,
th
er
e
we
re
no
ni
tr
at
e
co
nc
en
tr
at
io
ns
in
ex
ce
ss
of
1.
0
mg
/l
in
wa
te
r
wi
th
a
DO
co
nc
en
tr
at
io
n
le
ss
th
an
1.
5
mg
/l
.
Al
so
,
wi
th
fe
w
ex
ce
pt
io
ns
,
th
er
e
wa
s
li
tt
le
or
no
ni
tr
at
e
in
wa
te
r
co
nt
ai
ni
ng
me
th
an
e.
Th
e
da
ta
su
gg
es
ts
th
at
th
er
e
is
li
tt
le
or
no
ni
tr
at
e
pr
es
en
t
un
de
r
re
du
ci
ng
co
nd
it
io
ns
,
su
gg
es
ti
ng
th
at
de
ni
tr
if
ic
at
io
n
ma
y
be
a
si
ng
—
if
ic
an
t
pr
oc
es
s
in
gr
ou
nd
wa
te
rs
.
  
6.
SU
MM
AR
Y
AN
D
CO
NC
LU
SI
ON
S
Th
e
ob
je
ct
iv
e
of
th
is
ph
as
e
of
th
e
st
ud
y
wa
s
to
ob
ta
in
so
me
qu
al
it
at
iv
e
in
fo
rm
at
io
n
re
ga
rd
in
g
th
e
di
st
ri
bu
ti
on
of
ni
tr
at
e
in
th
e
gr
ou
nd
wa
te
r
of
ag
ri
cu
lt
ur
al
wa
te
rs
he
ds
an
d
to
pr
ov
id
e
a
da
ta
ba
se
fr
om
wh
ic
h
it
mi
gh
t
be
re
as
on
ab
le
to
ex
tr
ap
ol
at
e
to
ot
he
r
wa
te
rs
he
ds
.
Al
th
ou
gh
we
be
li
ev
e
si
gn
if
ic
an
t
pr
og
re
ss
ha
s
be
en
ma
de
in
th
is
di
re
ct
io
n,
so
me
wo
rd
s
of
ca
ut
io
n
ar
e
ap
pr
op
ri
at
e
at
th
is
ti
me
.
Th
e
de
ta
il
ed
st
ud
y
in
th
e
Hi
ll
ma
n
Cr
ee
k
Wa
te
rs
he
d
in
di
ca
te
d
th
at
wi
de
va
ri
at
io
ns
in
ni
tr
at
e
co
nc
en
tr
at
io
n
co
ul
d
oc
cu
ri
n
a
re
gi
on
wh
ic
h
is
ge
ol
og
ic
al
ly
un
if
or
m
an
d
re
as
on
ab
ly
un
if
or
m
wi
th
re
sp
ec
t
to
la
nd
us
e.
Th
e
ni
tr
at
e
co
nc
en
tr
at
io
n
wa
s
eq
ua
ll
y
va
ri
ab
le
in
th
e
Bl
ue
Sp
ri
ng
s
Wa
te
rs
he
d
as
re
po
rt
ed
by
St
ie
be
l
(1
97
7)
.
In
th
e
wa
te
rs
he
ds
in
—
st
ru
me
nt
ed
sp
ec
if
ic
al
ly
fo
r
th
is
st
ud
y,
th
er
e
we
re
ge
ne
ra
ll
y
on
ly
a
fe
w
pi
ez
om
et
er
s
in
st
al
le
d
at
th
re
e
to
fo
ur
si
te
s
in
ea
ch
wa
te
rs
he
d.
As
a
re
su
lt
,
th
er
e
is
so
me
un
ce
rt
ai
nt
y
re
ga
rd
in
g
th
e
ex
te
nt
to
wh
ic
h
th
e
me
as
ur
em
en
ts
ma
de
in
a
wa
te
rs
he
d
re
pr
es
en
t
th
e
co
nd
it
io
ns
of
th
at
wa
te
r—
sh
ed
.
In
ad
di
ti
on
,
th
e
po
ss
ib
il
it
y
of
de
ni
tr
if
ic
at
io
n
in
th
e
gr
ou
nd
—
wa
te
r
ma
ke
s
in
te
rp
re
ta
ti
on
of
th
e
da
ta
di
ff
ic
ul
t.
In
th
e
ab
se
nc
e
of
de
ni
tr
if
ic
at
io
n,
th
e
co
nc
en
tr
at
io
n
of
ni
tr
at
e
in
th
e
gr
ou
nd
wa
te
r
ca
n
be
co
ns
id
er
ed
as
an
in
di
ca
ti
on
of
th
e
en
vi
ro
nm
en
ta
l
im
pa
ct
of
th
e
ni
tr
at
e
so
ur
ce
on
th
e
gr
ou
nd
wa
te
r
qu
al
it
y,
an
d
ul
ti
ma
te
ly
on
th
e
su
rf
ac
e
wa
te
r
whi
ch
rec
eiv
es
the
grO
und
wat
er.
If
den
itr
ifi
cat
ion
is
fou
nd
to
be
a
fac
tor
,
the
n t
he
nit
rat
e
obs
erv
ed
at
a g
ive
n
tim
e m
ay
be
red
uce
d
to
gas
eou
s
for
ms
of
nit
rog
en
bef
ore
it
is
dis
cha
rge
d
to
sur
fac
e
wat
ers
and
thus
it w
ould
not
beco
me a
n en
viro
nmen
tal
fact
or.
The
disc
harg
e
of n
itra
te f
rom
such
syst
ems
woul
d th
en b
ecom
e a
func
tion
of t
he
fact
ors
cont
roll
ing
the
rate
of d
enit
rifi
cati
on i
n th
e gr
ound
wate
r.
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The
qua
nti
fic
ati
on
of
the
se
fac
tor
s i
s a
n e
xtr
eme
ly
dif
fic
ult
pro
ble
m
requiring considerably more research.
As
a c
ons
equ
enc
e
of
the
res
erv
ati
ons
dis
cus
sed
abo
ve,
we
be
li
ev
e
th
at
an
y
co
nc
lu
si
on
s
ba
se
d
on
th
e
da
ta
of
th
is
re
po
rt
mu
st
be
of
'a
qu
al
it
at
iv
e
na
tu
re
.
Al
th
ou
gh
ar
ea
s
of
ve
ry
in
te
ns
iv
e
ag
ri
cu
lt
ur
al
pr
o—
du
ct
io
n
wi
th
hi
gh
ra
te
s
of
fe
rt
il
iz
er
ap
pl
ic
at
io
n
we
re
in
ve
st
ig
at
ed
,
fe
w
me
as
ur
em
en
ts
ex
ce
ed
ed
th
e
dr
in
ki
ng
wa
te
r
st
an
da
rd
of
10
mg
/l
N0
3_
-N
.
Oc
ca
si
on
al
va
lu
es
we
ll
in
ex
ce
ss
of
dr
in
ki
ng
wa
te
r
st
an
da
rd
we
re
ob
se
rv
ed
,
pa
rt
ic
ul
ar
ly
in
th
e
Hi
ll
ma
n
Cr
ee
k
Wa
te
rs
he
d;
ho
we
ve
r,
no
ex
te
ns
iv
e
zo
ne
s
of
gr
ou
nd
wa
te
r
po
ll
ut
io
n
we
re
ob
se
rv
ed
.
AG
#1
(Bi
g C
ree
k),
AG
#10
(No
rth
Cre
ek)
, A
G #
4
(Up
per
Can
aga
gig
ue
— W
est
bra
nch
)
and
AG
#5
(Ho
lid
ay
Cre
ek)
are
sim
ila
r
in
tha
t
the
geo
log
ic
mat
eri
als
are
pre
dom
ina
ntl
y
fin
e-t
ext
ure
d.
Wit
h
onl
y o
cca
sio
nal
exc
ep-
tio
ns,
the
con
cen
tra
tio
n o
f n
itr
ate
in
the
gro
und
wat
er
of
the
se
reg
ion
s
wa
s
ne
ar
zer
o.
Th
e
ex
ce
pt
io
ns
ge
ne
ra
ll
y
oc
cu
rr
ed
in
th
e
sh
al
lo
we
st
sa
mp
li
ng
po
in
ts
or
in
le
ns
es
of
co
ar
se
r
te
xt
ur
ed
ma
te
ri
al
s.
Th
e
sh
al
lo
w
sa
mp
le
s
co
nt
ai
ni
ng
ni
tr
at
e
c0
ul
d
be
th
e
re
su
lt
of
re
la
ti
ve
ly
ra
pi
d
gr
ou
nd
wa
te
r
ci
rc
ul
at
io
n
th
ro
ug
h
fr
ac
tu
re
s
in
th
e
up
pe
r
pa
rt
of
th
e
ti
ll
or
cl
ay
un
it
s.
Th
e
re
as
on
fo
r
th
e
lo
w
ni
tr
at
e
co
nc
en
tr
at
io
n
in
fi
ne
—
gr
ai
ne
d
ma
te
ri
al
s
is
no
t
cl
ea
r.
It
ca
n
be
sh
ow
n
ho
we
ve
r,
th
at
th
e
ra
te
of
gr
ou
nd
wa
te
r
mo
ve
me
nt
th
ro
ug
h
su
ch
ma
te
ri
al
s
is
on
th
e
or
de
r
of
fr
ac
ti
on
s
of
a
ce
nt
im
et
re
to
a
fe
w
ce
nt
im
et
re
s
pe
r
ye
ar
.
As
a
re
su
lt
,
if
ag
ri
cu
lt
ur
al
pr
ac
ti
ce
s
ar
e
th
e
so
ur
ce
of
th
e
ni
tr
at
e,
th
er
e
ma
y
no
t
ha
ve
be
en
su
ff
ic
ie
nt
ti
me
fo
r
th
e
ni
tr
at
e
to
ha
ve
mo
ve
d
a
si
gn
if
ic
an
t
di
st
an
ce
th
ro
ug
h
lo
w
pe
rm
ea
bi
li
ty
ma
te
ri
al
s.
Th
e
lo
w
ni
tr
at
e
co
nc
en
tr
at
io
ns
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m
a
y
a
l
s
o
b
e
t
h
e
r
e
s
u
l
t
o
f
g
e
o
c
h
e
m
i
c
a
l
p
r
o
c
e
s
s
e
s
.
I
n
a
d
d
i
t
i
o
n
t
o
t
h
e
l
o
w
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
,
t
h
e
r
a
t
e
o
f
g
r
o
u
n
d
w
a
t
e
r
m
o
v
e
m
e
n
t
t
h
r
o
u
g
h
t
h
e
f
i
n
e
—
t
e
x
t
u
r
e
d
m
a
t
e
r
i
a
l
s
w
o
u
l
d
b
e
s
u
c
h
t
h
a
t
i
n
s
i
g
n
i
f
i
c
a
n
t
a
m
o
u
n
t
s
o
f
n
i
t
r
a
t
e
w
o
u
l
d
b
e
d
i
s
c
h
a
r
g
e
d
t
o
s
u
r
f
a
c
e
w
a
t
e
r
s
t
h
r
o
u
g
h
t
h
e
s
e
m
a
t
e
r
i
a
l
s
.
T
h
e
a
r
e
a
s
w
h
i
c
h
c
o
n
t
a
i
n
e
d
c
o
a
r
s
e
t
o
m
e
d
i
u
m
g
r
a
i
n
e
d
g
e
o
l
o
g
i
c
m
a
t
e
r
i
a
l
s
h
a
d
s
i
g
n
i
f
i
c
a
n
t
g
r
o
u
n
d
w
a
t
e
r
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
.
T
h
e
s
e
a
r
e
a
s
i
n
c
l
u
d
e
A
G
#
1
3
(
H
i
l
l
m
a
n
C
r
e
e
k
)
A
G
#
2
(
V
e
n
i
s
o
n
C
r
e
e
k
)
,
A
G
#
4
(
C
a
n
a
g
a
g
i
g
u
e
—
e
a
s
t
b
r
a
n
c
h
)
a
n
d
t
h
e
B
l
u
e
S
p
r
i
n
g
s
w
a
t
e
r
s
h
e
d
d
i
s
c
u
s
s
e
d
b
y
S
t
i
e
b
e
l
(I
97
7)
-
A
l
t
h
o
u
g
h
th
er
e
is
u
n
d
o
u
b
t
e
d
l
y
s
o
m
e
r
e
l
a
t
i
o
n
s
h
i
p
b
e
t
w
e
e
n
l
a
n
d
us
e
an
d
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
,
it
a
p
p
e
a
r
s
to
b
e
c
o
n
s
i
d
e
r
a
b
l
y
m
o
r
e
c
o
m
p
l
i
c
a
t
e
d
t
h
a
n
a
d
i
r
e
c
t
r
e
l
a
t
i
o
n
s
h
i
p
b
e
t
w
e
e
n
c
o
n
c
e
n
t
r
a
t
i
o
n
an
d
r
a
t
e
of
fe
rt
il
iz
er
ap
pl
ic
at
io
n.
Fo
r
ex
am
pl
e,
co
ns
id
er
in
g
th
e
hi
gh
de
gr
ee
of
va
ri
ab
il
it
y
in
th
e
da
ta
,
it
ca
nn
ot
be
sa
id
th
at
th
e
ni
tr
at
e
co
nc
en
-
tr
at
io
n
in
th
e
gr
ou
nd
wa
te
r
of
th
e
ea
st
br
an
ch
of
th
e
Ca
na
ga
gi
gu
e
is
si
gn
if
ic
an
tl
y
di
ff
er
en
t
fr
om
th
e
co
nc
en
tr
at
io
n
in
th
e
gr
ou
nd
wa
te
r
of
Hillman Creek.
Hi
ll
ma
n
Cr
ee
k
an
d
Ve
ni
so
n
Cr
ee
k
pr
es
en
t
an
in
te
re
st
in
g
co
mp
ar
is
on
in
th
at
th
ey
ar
e
bo
th
un
de
r
in
te
ns
iv
e
cu
lt
iv
at
io
n
an
d
bo
th
ha
ve
sa
nd
y
so
il
s
an
d
sa
nd
y
ne
ar
—s
ur
fa
ce
ge
ol
og
ic
ma
te
ri
al
s.
In
th
e
Hi
ll
ma
n
Cr
ee
k
wa
te
rs
he
d
th
e
ni
tr
at
e
is
lo
ca
te
d
wi
th
in
on
e
to
tw
o
me
tr
es
of
th
e
wa
te
r
ta
bl
e
wh
il
e
in
Ve
ni
so
n
Cr
ee
k
th
e
ni
tr
at
e
is
ca
rr
ie
d
se
ve
ra
l
me
tr
es
be
lo
w
th
e
wa
te
r
ta
bl
e.
On
e
di
ff
er
en
ce
be
tw
ee
n
th
e
tw
o
ar
ea
s
is
th
e
de
pt
h
of
th
e
wa
te
r
ta
bl
e
be
lo
w
gr
ou
nd
su
rf
ac
e.
At
Hi
ll
ma
n
Cr
ee
k
th
e
wa
te
r
ta
bl
e
is
ge
ne
ra
ll
y
wi
th
in
2
m
of
gr
ou
nd
su
rf
ac
e
wh
il
e
at
Ve
ni
so
n
Cr
ee
k
it
is
ge
ne
ra
ll
y
at
a
de
pt
h
gr
ea
te
r
th
an
10
m
be
lo
w
gr
ou
nd
su
rf
ac
e.
In
Ve
ni
so
n
Cr
ee
k,
as
a
re
su
lt
of
th
e
gr
ea
te
r
un
sa
tu
ra
te
d
zo
ne
th
ic
kn
es
s,
so
lu
bl
e
or
ga
ni
c
ma
tt
te
r
ma
y
be
ox
id
iz
ed
ae
ro
bi
ca
ll
y
pr
io
r
to
re
ac
hi
ng
26a
the water table. As a result, there may not be a sufficient energy
source for denitrification to proceed in this area. On the other hand,
with the shallow water table of the Hillman Creek Watershed, significant
soluble organicmatter may be transported to depths below the water
table. Continued oxidation of the organic matter could remove dissolved
oxygen and reduce the Eh of the water until anaerobic oxidation processes
predominate. Under these conditions denitrification could proceed. We
hope to evaluate this hypothesis under the DSS project discussed
briefly in Chapter 5 of this report.
From the available data it can be concluded that groundwater
passing through fine-textured geologic materials will not contribute
appreciable amounts of nitrate to surface waters. The major groundwater
contributions of nitrate to surface water will be through coarse
textured geologic materials. The apparent lack of correlation between
the land use and nitrate concentration in the groundwater, and the
evidence in favour of denitrification as a significant process in
groundwater makes it extremely difficult to predict rates of nitrate
discharge from groundwater regimes which have not been instrumented.
It should be noted that this report considers only the discharge
of nitrate in groundwater and does not consider surface runoff or tile
drainage. As a result, it does not address the problem of the total
nitrogen discharge to surface waters under different land use and
geologic conditions. Some preliminary studies into this problem are
reported in Part III of this report.
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SITE WELL DEPTH OF K+ Mg++ Ca++ Na‘
No. No.
WELL POINT
mg/l mg/
l mg/l
mg/l
H68 ‘P7
1 5 2 1
67.00 23.
6 94.0
4.5
H68 P12 3 0 3.6 2.15 47.9 142.0 11.5
H68 P17 4.5-5.1 1.51 26.2 89.0 13.5
H68 P25 6 9 7 5 1.66 14.3 52.0 30.0
H68 P35 9.9 10.5 3.00 10.4 55.0 43.5
H68 P45 12.9—13.5 1.90 14.3 48.0 40.5
H69 P7
1 5 2 1
0.87 37.
8 161
11.0
H69 P12
3 0 3.6
1.38 41.1
128 20.
0
H69 P17 4.5-5.1 1.74 22.4 72 25.5
H69 P24 6 7 7.3 1.97 22.8 66 36.0
H69 P34 9 7 10.3 1.90 10.4 33 53.5
H69 P45 1 13.5 2.10 7.3 25 55.0
H70 P12
H70 P17
3 0 3
5.30 71.
0 222
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4 5 5
H70 P22 6.0-6.
9
0 9
1
1
6
1 5.20 120.0 372 40.5
6 7.20 126.0 347 60.0
6 4.90 5.5 16 80.0
2.6 3.80 31.2 102 78.0
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H72 P23 6 3 6 9 1.66 13.4 53 26.0
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TABLE 4 Hydraulic head values - Big Creek (AG #1)
 
SITE WELL DEPTH OF Hydraulic Head
NO NO WELL POINT 28/03/77 15/04/77 18/05/77
(metres) '
H75 P12 3.3 — 3.6 48.94 48.22 48.16
P17 4.8 - 5.1 48.96 48.23 48.14
P25 7.2 - 7.5 48.96 48.19 48.09
P35 10.2 - 10.5 48.93 48.14 48.05
H76
P 8
2.1
— 2.
4
48.7
6
48.3
6
48.1
8
P15 4.2 - 4.5 48.77 48.30 48.17
P24 6.9 — 7.2 48.77 48.24 48.12
P34 9.9 - 10.2 48.43 47.39 47.39
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 TABLE 7 Hydraulic head values:
 
Venison Creek (AG #2)
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V2 P50 14.7 15.0 46.69 46.66 46.59
V2 P55 16.2 16.5 46.69 46.67 46.60
V2 P60 17.7 18.0 46.69 46.65 46.59
V3 P41 12.0 12.3 47.04 46.89 46.82
V3 P46 13.5 13.8 47.04 46.92 46.85
V3 P50 14.7 15.0 47.08 46.92 46.85
V3 P55 16.2 16.5 47.05 46.91 46.84
V3 P60 17.7 18.0 47.06 46.92 46.86
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TABLE 10 Hydraulic head values: AG #10, North Creek
All elevations were taken from an arbitrary datum point for
each nest of piezometers.
 
SITE WELL Hydraulic Head
No. No. 13/04/77 11/05/77
N1 ’PS 49.18 48.87
N1 P14 49.25 49.26
N1 P19 49.36 49.37
STREAM NEAR N1 47.99
N2 P6 48.07; 47.70
N2 P9 48.08 47.71
STREAM NEAR N2 47.30
N3 P16 48.725 48.84
N3 P20 48.92 49.21
STREAM NEAR N3 48.47
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" Sand brown medium—grained
sand grading into a grey fine
grained sand below the W.T.
" w
ate
r
tab
le
l
5.3
4
I
H72-P6
2 8.3 1+
~r
som
e
cla
y
lam
ina
tio
ns
H7
2-
PH
3.6
Till, grey, pebbley, clayey
sil
t
til
l.
3
5.3
9
IH
YZ
_P
16
4 8.8 8
I H72-P23
5 S..
I H72-P33
10.
6
6
8..
7
Bo
re
ho
le
te
rm
in
at
ed
at
10
.6
m
 
        
SITE NO.
H73
  
 
   
W
A
T
E
R
S
H
E
D
W
3
)
D
A
T
E
D
m
L
L
E
D
18
/0
8/
76
L
O
C
A
T
I
O
N
W
D
R
I
L
L
E
R
Sa
m
Va
le
s
GEOLOGIST
5
E
S
A
M
P
L
E
w
22
.—
-
IE
95
DE
SC
RI
PT
IO
N
‘t
3
P'
EZ
OM
ET
ER
RE
MA
RK
S
f—L
LJ
)1:
LL,
m
a:
LO
CA
TI
ON
B
05
O
>-
3
Lu
_
{7,
Z
I»—
m
2
Sa
nd
li
gh
t
br
ow
n
me
di
um
—
grained sand
6.
8
wa
te
r
ta
bl
e
l
8'
5
8
Ti
ll
.
gr
ey
.
pe
bb
le
y.
cl
ay
ey
I
H7
3—
P8
silt till
2 5.8 8
I H73-Pl4
re
dd
is
h—
gr
ey
to
4.
8
m
3
S-
4 8.. 4
I H73-P24
5 8.5 3
I H73-P34
10
.9
6
8.5
4
Borehole terminated at 10.9 m
           
 S lTE NO. H74
 
‘5 WATERSHED W13.) DATE DRlLLED l9/08[76
"_ GEOLOGIST
.. I LOCATION Leamington, Ontario DR‘LLER Sam Vales
% SAMPLE
I
PIEZOMETER
DESCWPHON
‘ LOCAHON
REMARKS
D
E
P
T
H
E
L
E
V
M
E
T
R
E
S
S
T
R
A
ﬂ
G
M
E
T
R
E
S
‘Sand, yellowish, fine—grained
sand with some clay laminations.
I H74— P7
Till, grey, pebbley, clayey
silt till.
I H74—Pl5
1 H74- P25
Bo
re
ho
le
te
rm
in
at
ed
at
9.
6
m
 
 SITE NO. 11.7.5...—
W
A
T
E
RS
HE
D
W
 
DATE DRILLED
       
LO
CA
TI
ON
Le
am
in
gt
on
,
On
ta
ri
o
DR
lL
LE
R
l
i
a
w
m
_
_
_
GEOLOGIST
5
E
S
A
M
P
L
E
G353
3!
E
PIE
ZOM
ETE
R
I
E
95
DE
SC
RI
PT
IO
N
\
3
RE
MA
RK
S
t—
Lu
F—
m
g
0:
LO
CA
TI
ON
$5
<
0-
CL
0
l—
o
m
>-
__1
LL]
|,_
Z
l—
m
2
m
‘1
Ti
ll
,
br
ow
n-
cl
ay
ey
,
pe
bb
le
y
si
lt
till
l 8.8 12
S. 2
.» changing to grey (water table) 2 S 2 I H75_P|2
8.5 13
I H75-Pl7v
I H75'P25
4 8.8 5
I H75-P35
5 5.3 4
.ll.l
Borehole terminated at 11.1 m
     
 WATERSHED
M
Leamington , Ontario
8 RTE NO. 325
DATE DRILLED
DRILLER Sam yams
             
GEOLOGIST
a
E
SAMPLE
d3 3:“ P— '
IE 93 DESCRIPTION & 3 P'EZOMETER REMARKS
f-UJ F1 Lu W 0: LOCATION
0'2 < a 3 r—
g (E O >_ 9 LL]
:7) Z i— cm 2
Till, yellow—brown sandy, silty
pebbley clay till
l 8.8 10
I H76—P8
3.0
2 8.5 23
Till, grey silty pebbley clay
till
I H76-Pl5
3 Sis 8
& I H76‘P24
4 5.8 7
N
N
\ I HTS-P34
10.8 5 8.8 5
\ Borehole terminated at 10.8 m
      
 SITE NO. V1
 
    
W
A
T
E
R
S
H
E
D
W
_
_
'(“
#2
)
D
A
T
E
DR
lL
LE
D
18
/1
1/
76
L
O
C
A
T
I
O
N
La
ng
to
mo
ma
ri
o
D
R
I
L
L
E
R
Sa
m
Va
le
s
GEOLOGIST
5
57:
S
A
M
P
L
E
a
m
e
1
ET
IE
93
DES
CRI
PTI
ON
Li
3
“52
0”
ER
RE
MA
RK
S
e
m
:
m
m
m
LO
CA
TI
ON
L“
(r
C)
>—
E}
OJ
0
'0‘,
Z
l»—
m
2
"Sand, brown, medium—grained;
well-sorted
l 5.5 10
water table
I VI-PIO
2 5.8 19
-s
om
e
la
ye
re
d
gr
e
sa
nd
I
Vl
'P
l5
’ y 3 8.3 46
I VI-PZO
4 5.5 51
I VFP24
7.5 ,
Sand, grey, medium—grained with 5 515 33
some fine sand and silt
8.
7
1
Sa
nd
,
br
ow
n,
co
ar
se
—g
ra
in
ed
VF
-P
SO
wi
th
so
me
la
ye
rs
of
fi
ne
—
6
5-
5
31
9.6 grained sand.
Borehole terminated at 9.6 m
            
 S iTE NO. V?-
-— Venison Cr. (AG#12) 23/11/76
ii
_
Langton,
Ontario
Sam
Vales
i GEOLOGIST
1
SAMPLE
PIEZOMETER
LOCATION
DESCRHWWON REMARKS
D
E
P
T
H
E
L
E
V
M
E
T
R
E
S
S
T
R
A
W
G
M
E
T
R
E
S
sand, brown medium—grained
well—sorted
water table
 
 WATERSHED
M
E
T
R
E
S
>
DJ
_J
LIJ
I
F.
0.
LU
O
Venison Cr. (AG#22
Langton, Ontario
LOCATION
 
DESCRIPTION
so
me
si
lt
on
th
e
wa
ll
of
th
e
s lit-s on s ler
Borehole terminated at 1 .6 m.
S
I
T
E
N
O
,
V
2
(
c
o
n
t
i
n
u
e
d
)
SAMPLE
M
E
T
R
E
S
D
A
T
E
D
R
I
L
L
E
D
2
3
/
1
1
/
7
6
D
R
I
L
L
E
R
"
s
a
m
V
a
l
e
s
GEOLOGIST
PEZOMETER
LOCATION
REMARKS
 IIIIIIIIT______________________________IIIIIIIIIIIlIIIIIllllllllllllIlllllllllIll-lllllll-ll-IIIIII!!I
.SiTE NO. v3
5‘
WATERSHED
W
DATE
DRILLED
24/11/76
Lang
ton,
Onta
rio
’ Sam
Vale
s
GEOLOGIST
SAMPLE
PEZOMETER
LOCATION
DESCRHWWON
REMARKS
D
E
P
T
H
E
L
E
V
M
E
T
R
E
S
M
E
T
R
E
S
Sand, brown, medium—grained well
sorted
Sand, brown, medium to fine—
grained, well sorted
water table
I V3-P4I
 
 Venison Cr (AG#2)
 
8
[
T
E
V
3
g
c
o
n
t
i
n
u
e
d
)
      
Borehole terminated at 18.6 m
    
W
A
T
E
R
S
H
E
D
D
A
T
E
D
R
I
L
L
E
D
24
/1
1/
76
L
O
C
A
T
I
O
N
La
ng
to
n,
On
ta
ri
o
D
R
'
L
L
E
R
Sa
m
Va
le
s
GEOLOGIST
5
>3
3
S
A
M
P
L
E
_j(f) (1..
“J
”
E
E
PI
EZ
OM
ET
ER
I
E
0
DE
SC
RI
PT
IO
N
\
g;
R
E
M
A
R
K
S
E
m
:
m
g
0:
LO
CA
TI
ON
Lu2 c? d g 9 E
O [U—J Z |— m 2
I
v
3
—
P
4
6
V3-P50
5
s
.
s
6
8
‘
I
V3-P55
I V3-P60
6 s.s 68
 
 -.II-I:::——————————————————————————————___IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
- -lllllllllllllllﬂlu
‘SITE N0. N1
    
 
 
6 E
—
WATERSHED
W
DATE
DRILLED
24/08176
— V Smithville, Ontario SBE Vales
I; GEOLOGIST
i E SAMPLE ,
5:8 2% r—
IE
g
DESCRIPTION
“< 3 P'EZOMETER
REMARKS
ELL] ﬂ LL, g 0; LOCATION
Lu2
E
O
3
9
E]
_
_
o
5
2
H
a)
2
m Till - grey — blue - grey l 8.8 10
pebbley clay till
2 8.8 11
__mottled to 1.0 m NP—PS
- 0.2 m of medium grained sand ——
at 1.5 m —} 5's 15
4 5.5 2
,some silt fraction 5 5's 17
6 8.8 20
4.0 7 5's 45 I Nl-PI4
Bedrock — grey dolstone
Cored
5 7 I Nl-PIS
Borehole terminated at 5.7 m
 
 
 
 
           
     
S lTE N0. N2
WA
TE
RS
HE
D
W
DA
TE
DR
IL
LE
D
3_
_L
_L
_0
08
76
LO
CA
TI
ON
Sm
it
hv
il
le
,
On
ta
ri
o
DR
lL
LE
R
Sa
m
Va
le
s
GEOLOGIST
S
E
S
A
M
P
L
E
d3
%
'
{I
PIE
ZOM
ETE
R
1
E
95
DE
SC
RI
PT
IO
N
5
g
R
E
M
A
R
K
S
l—
m
I:
0:
LO
CA
TI
ON
o.
<
-
E
3
*-
UJE
a:
O
>-
9
uJ
O a Z i— CD 2
L Till, grey pebbley clay till
—~
——
l
8.
8
8
“ red mottled
2 5.8 9
w water table, some gravel
1.8
- s
ilt
y
fra
cti
on
2
3':
3?
I
NZ
-P
7
Be
dr
oc
k
—
gr
ey
do
lo
st
on
e
'
2
7
I
N
2
-
P
9
Borehole terminated at 2.7 m
          
 ~SITE NO.I.\7_3____
      
-
WATERSHED
North Creek AG#10
DATE
DRILLED 31/08/76
Smithville, Ontario Sam Vales
:_ GEOLOGIST
i
E
S
A
M
P
L
E
.
_JU') Q
“'52 E E PIEZOMETER
IF_ 9
DESCWPHON
a
3
REMARKS
Km 2 m 3 0: LOCATION
3
5
a:
d
g
9
E
___l
a
Z
l—
m
E
Till, grey pebbley clay till 1 S S 9
reddish brown mottled clay '
2 S S 34
5 b.b 2/
4 8.8 20
blue-grey colour, moist 5 5's 21
4.6 6 8.8 21
- claX ~ glaciolacustrine finely
stratified clay with some 5.8 8 N3_PV4
silt stratifications 8.5 6
6.0
Bedrock - grey dolostone
I N3-P20
  
Borehole terminated at 6.0 m
            
SITE NO. Cl
      
W
A
T
E
R
S
H
E
D
Ca
na
ga
gi
gu
e
Cr
(A
G#
4)
D
A
T
E
D
R
l
L
L
E
D
28
(0
9C
76
El
mi
ra
,
On
ta
ri
o
Vs
am
Va
le
s
GEOLOGIST
5
E
S
A
M
P
L
E
4
$
3f
E
PI
EZ
OM
ET
ER
DJ
:
5
5
D
E
S
C
R
I
P
T
I
O
N
3
3
R
E
M
A
R
K
S
1»—
Lu
I:
LL]
3
0:
LO
CA
TI
ON
it 2
3g
0'
e
o
L:
O E Z I— 631 E
» S
an
d
an
d
gr
av
el
s
-
si
lt
y,
cl
ay
ey
,
me
di
um
—t
o—
fi
ne
gr
ai
ne
d
sa
nd
wi
th
so
me
cl
ay
st
ri
ng
er
s
an
d
gr
av
el
in
te
rm
ix
ed
1
CF
P5
l 5.8 12
"medium—grained silty sand
1 CI- PIO
co
ar
se
sa
nd
wi
th
so
me
gr
av
el
2
8.
8
25
1 Cl-Pl5
—~s
ilt
y
fi
ne
—g
ra
in
ed
sa
nd
wi
th
cl
ay
3
5'
8
15
stringers
‘clayey fine—grained sand with a 4 q q
0.3 m clay layer
5 5.8 32 I C|_P27
8.}
Till mottled, oxidized, multi—
coloured (white, green, blue, red,
ye
ll
ow
,
bl
ac
k)
si
lt
y
ti
ll
6
5-
5
12
9.0
Borehole terminate at 9.0 m
i;
é
       
   
‘ SITE NO. CZ
   
 
 
“ WATERSHED wallaa i 118 C GM) DATE DRILLED .29/09/76
" LOCATION Elmira, Ontario DRILLER Sam Vales
.2 GEOLOGIST
a E SAMPLE
33)” % {I PIEZOMETER
IE 95 DESCRIPTION \ g REMARKS
l—UJ ; m g 0: LOCATION
o a: >' _J “J
"" '— 2 +— m 2
m
" Sands and gravels — silty clayey
sands and gravels with layers of - 4— ?~—- _
silts and clays I C2 P3
’g
ra
ve
ll
y
sa
nd
1
s.
s
13
I
(2
—
P6
‘
I CZ-HO %
P____
fine
gravel
2
S S 25
d
/si
lty
san
d
'
V
course sand
clay and silt laminations
4.8 3 3.8 '1
~———
—
Till
- cl
ayey
silt
till
with
f
black mottles i
y»
6T.
4 s.
s 27
‘I
Borehole terminated at 6.3 m
    
 
     
  
 
w-
A
_
.
o
.
t
.
_
l
.
.
o
n
-
i
.
.
.
‘
.
V
i
V
_
_
_
_
.
.
.
.
1
.
u
   ‘
f
e
r
‘
f
t
"
“
‘
<
     
 
 
 
   
 
  
S lTE NO. ___E.§_
W
A
T
E
R
S
H
E
D
Ca
na
ga
gi
gu
e
Cr
gA
G#
4)
D
A
T
E
D
R
I
L
L
E
D
30
/0
9/
76
L
O
C
A
'
H
O
N
El
mi
ra
,
Qn
ta
ri
o
D
R
I
L
L
-
E
R
‘
Sa
m
Va
le
s
GEOLOGIST
53
E
S
A
M
P
L
E
€3
8
%
{I
PI
EZ
OM
ET
ER
I
E
5
D
E
S
C
R
I
P
T
I
O
N
\
3
R
E
M
A
R
K
S
FL
U
I:
m
g
a:
LO
CA
TI
ON
>- _J UJ
C) )— Z i— m 2
(n
Sa
nd
s
an
d
gr
av
el
s
—
me
di
um
-g
ra
in
e
sa
nd
wi
th
so
me
co
ar
se
gr
av
el
an
d
some silty fractions
1 C3-P5
water table 5.8 20
I C3-PIO
some gravel 2 8.5 26
sandy silt 3 8.8 14
clayey silt
coarse sand, some gravel 4 S S 24
I C3-P24
7.5
.
Til
l
sil
ty
cla
y
til
l,
mot
tle
d
5
5-5
148
7;
Borehole terminated at 7.8 m
_
—
—
—
—
—
-
—
—
¥ 
 
 
 “'_——_E" A44444‘_________________________________________________________WQH
SITE NO. C4
WATERSHED Wen—(AMA) DATE DRILLED 5/10/76
LOCATION Elmira. Ontario DRILLER Sam Vales
GEOLOGIST
SAMPLE
OMETER
LOCATION
DESCRHWWON REMARKS
D
E
P
T
H
E
L
E
V
M
E
T
R
E
S
M
E
T
R
E
S
_§ands and gravels — fine to
coarse-grained sand with gravel
and some silty layers
 
silty sand
water table
boulders 1.2 O 2.1 m
some silt layers
silty clay layers
sandy silt
Borehole terminated
   
F
i
 
         
SiTE NO. C5
W
A
T
E
R
S
H
E
D
Ca
na
ga
gi
gu
e
{A
G#
4)
D
A
T
E
D
R
I
L
L
E
D
5/
10
/7
6
L
O
C
A
T
I
O
N
El
mi
ra
,
On
ta
ri
o
D
R
I
L
L
E
R
Sa
m
Va
le
s
GEOLOGIST
S
E
S
A
M
P
L
E
d
3
3‘
{I
PI
EZ
OM
ET
ER
I
E
5
D
E
S
C
R
I
P
T
I
O
N
\
3
R
E
M
A
R
K
S
I—
uJ
P
Lu
g
0:
LO
CA
TI
ON
3:2
g
o‘
g
o
E
o p— Z I— ii] 2
w
Ti
ll
sa
nd
y,
cl
ay
ti
ll
wi
th
so
me
si
lt
an
d
sa
nd
st
ri
ng
er
s
I C5-P4
wa
te
r
ta
bl
e
l
5.
8
6
' some sand stringers
2 8.8 29
, s
om
e
si
lt
st
ri
ng
er
s
3
8.
8
97
4 3.8 91
I C5-P25
7.8 5 5.8 82
Borehole terminated at 7.8 m
_
_
_
_
_
_
_
_
_
:
2 
         
S 1 TE NO. C6
— WATERSHEDW DATE DRILLEDM
“' LOCATION Elmira, Ontario DRILLER Sam Vales
2 GEOLOGlST
> >-
58 g SAMPﬁE
LLJ
IE (5 DESCRIPTION E 3 P'EZOMETER REMARKS
Em
,_
m
g
0:
LOCATION
3
5
3::
0
g
9
Lil—J
_...._
1;)
Z
#—
!IJ
2
Till, pebbley, sand clay till
pwater table I C6—p4
1 5.5 10
2 5.5 41 ‘1
3 3.3 68 3
I C6—Pl9 7
6'1 4 5.5 78
'C Borehole terminated at 6.1
\-
\1
\‘I
\l
/
          
 SiTE NO. C7
        
WA
TE
RS
HE
D
M
M
DA
TE
DR
IL
LE
D
14
/1
0/
75
LO
CA
TI
ON
El
mi
ra
»
On
ta
ri
o
DR
IL
LE
R
'S
am
m
e
s
GEOLO‘GIST
U>J‘
E
SA
MP
LE
d3
“<‘
E
PIE
ZOM
ETE
R
:
5
g
D
E
S
C
R
I
P
T
I
O
N
\
3
R
E
M
A
R
K
S
H
“
p
m
g
0:
LO
CA
TI
ON
.
832 4 o 0' O *—
O
0:
>-
__J
LU
'— Z I— m 2
(f)
Till clayey sandy till
1 5.3 8
_w
at
er
ta
bl
e
I
C7
_P
8
2 3.3 52
i
g
3 3.5227
4 S.SL27
5 S.SL67 I cv-st
7.7
Borehole terminated at 7.7 m
      
 ﬁ
—
  
SITE NO.._£_8___
           
WAT
ERS
HED
__C__a
n._a_g
agigue
(AG#4
2
DAT
E
DR‘L
LED
12/10
/76
LOC
ATI
ON
Elmi
ra:
Onta
rio
DRg
LLE
R
Sam
Vale
s
GEOLOGIST
> >-
15
$
é:
S
A
M
E
E
Lu
IE
€13
DESC
RIPT
mN
&
3 P
IEZO
METE
R
REM
ARK
S
Eu 2 LL, g C: LOCATION
g2 a: 0 g S I:
'5
Z
+—
m
2
Till - clayey sandy till
Pwater table l 5‘s 28 I 08")?“
2: .S 18
I C8-Pl4
3 5.5 44
"small la er f coarse sand
5.
5
y
o
4
-S
3“
I
C8
-P
I8
Borehole terminated at 5.5 m
\-
N
\
   
                  
S
I
T
E
N
O
.
C
9
W
A
T
E
R
S
H
E
D
C
a
n
a
g
a
g
i
g
u
e
(
A
G
#
4
)
D
A
T
E
D
R
I
L
L
E
D
8
/
1
0
/
7
6
L
O
C
A
T
I
O
N
E
l
m
i
r
a
,
O
n
t
a
r
i
o
D
R
I
L
L
E
R
M
i
s
s
.
.
.
—
,
G
E
O
L
O
G
I
S
T
E
E
S
A
M
P
L
E
d
3
%
t:
P
I
E
Z
O
M
E
T
E
R
m
“
E
C
R
I
P
T
I
O
N
\
<0
R
E
M
A
R
K
S
E
L
]
8
D
S
m
g
‘5;
L
O
C
A
T
I
O
N
.
$
5
3‘:
o
%
0
E
O
pU—J
Z
i—
5‘
E
T
i
l
l
,
s
a
n
d
y
,
c
l
a
y
e
y
,
s
i
l
t
t
i
l
l
1 iii.
*
s
t
o
n
e
y
c
l
a
y
l
a
y
e
r
2
5
.
3
7
1
I C9'F’I2
3 5.8 82
“clay layer
4 .S 54
I C9—P25
5 3.8 57
8.1
Bo
re
ho
le
te
rm
in
at
ed
at
8.
1
m
7
‘
I?
 
             
 
. SITE NO. c_1<_)_____
Canagaglgue Cr LAG#4) Jun-“26
LOCATION nElmira. Ontario DRlLLER Sam Vales
GEOLOGIST
f; E SAMPLE '
$3 % *- ‘
IE 5 DESCRIPTION ‘t 3 P'EZOMETER REMARKS
Eu, I: 1 m g 0: LOCATION .
m
2
3g
0'
C;
3
E
C)
5
Z
I—
m
E
Till, clayey, ‘sandy till
with sand layers
some gravel l 8.8 21
I Clo-s58
S 94
"‘sand 2 S
3 S S 38 I ClO—Pl4
---sand layer
4 S.SLO7
.‘ “sand layer I OO—Plg
5 5.51.07
N I ClO-P24
7.
9
6
5.
8
56
Borehole terminated at 7.9 m
“‘1
N
\4
\
   
 OFFICE OF RESEARCH ADMINISTRATION
UNIVERSITY OF WATERLOO
INCORPORATING THE
WATERLOO RESEARCH INSTITUTE
Project No. 41122
A PLUARG, Task Group C Study
STUDIES OF THE AGRICULTURAL CONTRIBUTION
TO NITRATE ENRICHMENT OF GROUNDWATER
AND THE SUBSEQUENT NITRATE LOADING
TO SURFACE WATERS
PA
RT
II
I:
ME
CH
AN
IS
MS
OF
RU
NO
FF
GE
NE
RA
TI
ON
AN
D
NI
TR
AT
E
FL
UX
TO
ST
RE
AM
S
DU
RI
NG
RU
NO
FF
EVENTS
FINAL REPORT
JANUARY, 1978
M.
G.
Sk
la
sh
,
R.
W.
Gi
ll
ha
m,
J.
A.
Ch
er
ry
D
e
p
a
r
t
m
e
n
t
o
f
E
a
r
t
h
S
c
i
e
n
c
e
s
U
n
i
v
e
r
s
i
t
y
o
f
W
a
t
e
r
l
o
o
W
a
t
e
r
l
o
o
,
O
n
t
a
r
i
o
     
ii
A
C
K
N
O
W
L
E
D
G
E
M
E
N
T
S
T
h
e
n
i
t
r
a
t
e
d
a
t
a
r
e
p
o
r
t
e
d
i
n
t
h
i
s
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SUMMARY
Th
is
re
po
rt
pr
es
en
ts
th
e
re
su
lt
s
of
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in
ve
st
ig
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io
n
in
to
th
e
or
ig
in
of
ni
tr
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e
in
st
re
am
di
sc
ha
rg
e
du
ri
ng
pe
ri
od
s
of
hi
gh
ru
no
ff
fo
ll
ow
in
g
sn
OW
me
lt
or
st
or
m
ev
en
ts
.
St
ud
ie
s
we
re
co
nd
uc
te
d
in
th
e
Hi
ll
ma
n
Cr
ee
k
(P
LU
AR
G
AG
-l
3)
an
d
Ca
na
ga
gi
gu
e
Cr
ee
k
(P
LU
AR
GA
G-
4)
wa
te
rs
he
ds
du
ri
ng
th
e
pe
ri
od
fr
om
Fe
br
ua
ry
to
Ju
ne
of
19
77
.
Th
e
pr
im
ar
y
ob
je
ct
iv
es
of
th
e
st
ud
y
we
re
:
(1
)
to
se
pa
ra
te
th
e
gr
ou
nd
wa
te
r
an
d
ov
er
la
nd
fl
ow
co
nt
ri
bu
ti
on
s
of
ni
tr
at
e
to
th
e
st
re
am
s
du
ri
ng
hi
gh
ru
no
ff
pe
ri
od
s
th
ro
ug
h
th
e
an
al
ys
es
of
th
e
st
re
am
hy
dr
og
ra
ph
s,
(2
)
to
ev
al
ua
te
th
e
ac
cu
ra
cy
of
th
e
en
vi
ro
nm
en
ta
l
is
ot
op
e
ma
ss
ba
la
nc
e
te
ch
ni
qu
e
fo
r
se
pa
ra
ti
ng
th
e
st
re
am
ni
tr
at
e
in
to
it
s
so
ur
ce
co
mp
on
en
ts
.
In
co
nj
un
ct
io
n
wi
th
th
es
e
go
al
s,
tw
o
ot
he
r
ai
ms
of
th
e
st
ud
y
we
re
:
(1)
to
id
en
ti
fy
th
e
ni
tr
at
e
so
ur
ce
s
du
ri
ng
hi
gh
ru
no
ff
pe
ri
od
s
in
or
de
r
to
pl
an
re
me
di
al
me
as
ur
es
,
(2)
to
es
ta
bl
is
h
cr
it
er
ia
for
the
ext
rap
ola
tio
n o
f t
he
stu
dy
res
ult
s t
o l
arg
er
are
as.
The
inv
est
iga
tio
n
inv
olv
ed
a m
ult
i—t
ech
niq
ue
app
roa
ch
to
sto
rm
run
off
stu
die
s
whi
ch
inc
lud
ed
the
mon
ito
rin
g
of
gro
und
wat
er
lev
els
,
str
eam
di
sc
ha
rg
e,
an
d
an
al
ys
es
fo
r
ox
yg
en
—1
8,
sp
ec
if
ic
co
nd
uc
ti
vi
ty
,
an
d
ni
tr
at
e
in
the
rai
n,
sno
w,
sno
wme
lt,
ove
rla
nd
flo
w,
dra
ina
ge
til
e e
ffl
uen
t,
gro
und
wat
er
and
the
str
eam
dur
ing
bot
h h
igh
and
low
run
off
per
iod
s.
The
act
ual
hyd
rog
rap
h s
epa
rat
ion
s w
ere
ach
iev
ed
thr
oug
h t
he
use
of
the
env
iro
nme
nta
l
iso
top
e m
ass
bal
anc
e
tec
hni
que
.
The
gro
und
wat
er
sta
ge—
gro
und
wat
er
dis
cha
rge
rat
ing
cur
ve
tec
hni
que
and
a s
tan
dar
d g
rap
hic
al
tec
hni
que
wer
e a
ppl
ied
whe
nev
er
pos
sib
le
to
det
erm
ine
the
per
for
man
ce
of
the isotope technique.
The most positive result of the study is that the isotope
tec
hni
que
can
pro
vid
e e
xce
lle
nt
hyd
rog
rap
h s
epa
rat
ion
s.
The
cor
rel
ati
on
between the isotope and rating curve results is generally quite good.
i.) 
I.IIIII-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'I!I
ix
Only
in
the
case
of
bank
storage
are
the
results
divergent
and
it
is
shown
that
the
discrepancy
stems
from
the
inability
of
the
rating
curve
technique
to
discriminate
between
stream water
stored
in the bank
and
groundwater
in
the
stream bank.
The
standard
graphical
technique,
as
expected,
generally yielded much
lower groundwater
components
than
the
other two methods.
The isotope technique demonstrated that the groundwater and
overland flow contributions to nitrate in the stream during periods of high
runoff cannot be determined by the use of simple graphical techniques.
 
Through isotopic and chemical analyses, a significant source of overland
flow in the Hillman Creek watershed was proven to be mostly of groundwater
origin during one event and mostly of event water origin during another
event. No overland flow was produced from the area during a third event. I
The overland flow of groundwater origin contained a much higher nitrate
content than the near stream groundwater, the baseflow, or the overland
flow of event origin water. The implications of these findings are that
the groundwater nitrate content cannot necessarily be assumed constant
during a storm and that the pre—storm basin conditions, the nature of
the r
unoff
produ
cing
event
, and
the n
ature
of th
e bas
in it
self
are
L
controlling factors in the response of the basin to an event.
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b
r
a
n
c
h
,
e
i
t
h
e
r
h
i
g
h
n
i
t
r
a
t
e
o
v
e
r
l
a
n
d
f
l
o
w
o
r
d
r
a
i
n
a
g
e
t
i
l
e
e
f
f
l
u
e
n
t
c
a
u
s
e
d
t
h
e
n
i
t
r
a
t
e
i
n
c
r
e
a
s
e
.
T
h
e
l
a
r
g
e
r
n
i
t
r
a
t
e
i
n
c
r
e
a
s
e
a
n
d
s
m
a
l
l
e
r
g
r
o
u
n
d
w
a
t
e
r
c
o
m
p
o
n
e
n
t
o
n
t
h
e
w
e
s
t
b
r
a
n
c
h
m
a
y
r
e
e
r
c
t
t
h
e
i
n
f
l
u
e
n
c
e
o
f
t
h
e
h
y
d
r
o
g
e
o
l
o
g
i
c
d
i
f
f
e
r
e
n
c
e
s
b
e
t
w
e
e
n
t
h
e
e
a
s
t
a
n
d
w
e
s
t
branches.
T
h
e
s
t
u
d
y
h
a
s
d
e
m
o
n
s
t
r
a
t
e
d
t
h
a
t
t
h
e
q
u
a
n
t
i
t
a
t
i
v
e
e
x
t
r
a
p
o
l
a
t
i
o
n
o
f
t
h
e
s
e
r
e
s
u
l
t
s
t
o
f
u
t
u
r
e
e
v
e
n
t
s
a
n
d
o
t
h
e
r
b
a
s
i
n
s
w
o
u
l
d
b
e
q
u
i
t
e
t
e
n
u
o
u
s
a
t
t
h
i
s
t
i
m
e
.
A
l
s
o
,
i
t
h
a
s
s
h
o
w
n
t
h
a
t
s
i
m
p
l
e
g
r
a
p
h
i
c
a
l
t
e
c
h
n
i
q
u
e
s
t
o
d
e
t
e
r
m
i
n
e
n
i
t
r
a
t
e
s
o
u
r
c
e
s
m
a
y
l
e
a
d
t
o
s
e
r
i
o
u
s
e
r
r
o
r
s
.
M
u
c
h
m
o
r
e
e
f
f
o
r
t
o
f
t
h
i
s
t
y
p
e
m
u
s
t
b
e
e
x
p
e
n
d
e
d
i
n
o
r
d
e
r
t
o
m
a
k
e
a
n
y
a
t
t
e
m
p
t
a
t
q
u
a
n
t
i
t
a
t
i
v
e
e
x
t
r
a
p
o
l
a
t
i
o
n
s
.
 
  
I
n
a
r
e
a
s
w
h
e
r
e
t
o
p
o
g
r
a
p
h
i
c
a
n
d
h
y
d
r
o
g
e
o
l
o
g
i
c
c
o
n
d
i
t
i
o
n
s
p
r
e
—
c
l
u
d
e
s
i
g
n
i
f
i
c
a
n
t
a
m
o
u
n
t
s
o
f
s
u
b
s
u
r
f
a
c
e
s
t
o
r
m
f
l
o
w
i
n
s
t
o
r
m
o
r
s
n
o
w
m
e
l
t
r
u
n
o
f
f
,
t
h
e
b
u
l
k
o
f
t
h
e
n
i
t
r
a
t
e
l
o
a
d
i
n
a
s
t
r
e
a
m
d
u
r
i
n
g
s
n
o
w
m
e
l
t
o
r
s
t
o
r
m
r
u
n
o
f
f
e
v
e
n
t
s
c
a
n
b
e
a
t
t
r
i
b
u
t
e
d
i
n
p
a
r
t
t
o
t
h
e
g
r
o
u
n
d
w
a
t
e
r
f
l
u
x
a
n
d
i
n
p
a
r
t
to
t
h
e
o
v
e
r
l
a
n
d
f
l
o
w
f
l
u
x
t
o
t
h
e
s
t
r
e
a
m
.
S
e
v
e
r
a
l
s
t
o
r
m
r
un
o
f
f
a
n
d
s
n
o
wm
e
l
t
h
yd
r
o
g
r
a
p
h
s
r
e
c
o
r
d
e
d
b
e
t
w
e
e
n
M
a
r
c
h
an
d
Ju
ne
,
19
77
on
H
i
l
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a
n
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p
p
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W
e
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a
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a
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i
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p
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a
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e
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e
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Su
bs
ur
fa
ce
st
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m
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ow
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pr
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ab
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ne
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ig
ib
le
in these basins.
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2
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e
re
l-
at
iv
e
co
nt
ri
bu
ti
on
s
of
th
e
co
mp
on
en
ts
re
sp
on
si
bl
e
fo
r
pr
od
uc
in
g
th
at
ev
en
t.
Th
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Mos
t o
f t
he
pop
ula
r t
heo
rie
s f
or
run
off
gen
era
tio
n a
re
sum
-
mar
ize
d i
n a
pap
er
by
Fre
eze
(19
74)
.
Fre
eze
lis
ts
thr
ee
bas
ic
mec
han
-
isms of storm runoff generation:
1.
Par
tia
l a
rea
-ov
erl
and
flo
w i
n w
hic
h s
oil
s b
eco
me
sat
ura
ted
from above during high-intensity storms. Only certain areas of the
watershed, usually controlled by soil distribution, respond in this
mann
er.
Furt
her
expl
anat
ions
of t
his
theo
ry c
an b
e f
ound
in B
etso
n (1
964)
.
2. Variable source area-overland flow where overland flow
is generated from areas saturated from below by a rising water table.
Cont
ribu
ting
area
s gr
ow a
nd s
hrin
k wi
th r
ainf
all
and
are
cont
roll
ed
mainly by topography and hydrogeology. Dunne and Black (1970a,b)
#
_
_
_
_
_
_
4
.
 
 provide a comprehensive field study which suggests this mechanism as
being important.
3. Variable area—subsurface storm flow in which water is
delivered directly to the stream channel via an expanding intermittent
channel network. The water from the unsaturated zone is displaced by
translatory flow and delivered to the channel through a near-stream
saturated zone. Hewlett and Nutter (1970) described this mechanism
in a report on a watershed study performed in the Appalachians.
'...groundwater flow is
Although Freeze suggests that:
seldom the cause of the major runoff during storms...,' much evidence,
mostly based on isotopic and chemical mass balance studies, indicates
that groundwater is also an important contributor to storm runoff.
When considering snowmelt or rain runoff over frozen ground,
classical Hortonian overland flow (Horton, 1933) becomes a viable con-
cept for storm runoff generation. This situation is not at all uncommon
in Canada and is particularly relevant in the study of nitrate export
in light of the high stream discharges involved. Direct channel pre-
cipitation may also be a major runoff component in certain instances.
Sto
rm
or
sno
wme
lt
run
off
,
the
n,
can
be
gen
era
ted
by
one
or
more of the following generation mechanisms:
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Groundwater flow
Ho
rt
on
ia
n
ov
er
la
nd
fl
ow
Di
re
ct
ch
an
ne
l
pr
ec
ip
it
at
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ﬂ
-
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N
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I
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t
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e
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d
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re
.
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c
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c
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c
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c
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c
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r
b
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o
r
u
n
v
e
g
e
t
a
t
e
d
s
o
i
l
s
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a
r
i
d
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o
n
e
s
;
and pavement.
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c
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c
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c
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e
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e
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l
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n
t
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3
.
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r
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c
t
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n
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r
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c
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b
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p
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c
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o
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a
t
i
o
n
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i
g
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n
t
e
n
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i
t
y
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o
r
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o
l
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o
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n
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a
p
e
r
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o
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o
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p
r
o
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o
n
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e
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r
o
u
g
h
t
.
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c
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b
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n
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o
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r
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i
l
i
z
a
t
i
o
n
w
o
u
l
d
p
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c
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c
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d
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D
S
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p
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If
,
h
o
we
ve
r
,
i
n
c
r
e
a
s
e
d
g
r
o
u
n
d
w
a
t
e
r
d
i
s
c
h
a
r
g
e
n
e
a
r
th
e
s
t
r
e
a
m
is
th
e
ma
jo
r
so
ur
ce
of
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or
m
ru
no
ff
,
th
en
th
e
TD
S
an
d
ni
tr
at
e
co
nc
en
tr
at
io
ns
in
pe
ak
ru
no
ff
wo
ul
d
no
t
be
ve
ry
di
ff
er
en
t
fr
om
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e
of
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se
fl
ow
.
Th
is
ex
am
pl
e
il
lu
st
ra
te
s
th
e
ne
ed
fo
r
id
en
ti
fy
in
g
th
e
ma
nn
er
in
wh
ic
h
ru
no
ff
is
pr
od
uc
ed
an
d
th
e
so
ur
ce
ar
ea
s
in
vo
lv
ed
in
it
s
pr
od
uc
ti
on
.
Fe
rt
il
iz
at
io
n
pr
ac
ti
ce
s
de
si
gn
ed
to
ma
in
ta
in
or
ac
hi
ev
e
lo
w
ni
tr
at
e
co
n-
ce
nt
ra
ti
on
s
in
su
rf
ac
e
dr
ai
na
ge
mu
st
co
ns
id
er
th
is
in
fo
rm
at
io
n
to
be
effective.
1.
3
Pr
es
en
t
Me
th
od
s
fo
r
St
or
m
Ru
no
ff
St
ud
ie
s
Th
e
fo
ll
ow
in
g
ge
ne
ra
l
ca
ta
go
ri
es
of
st
or
m
ru
no
ff
st
ud
y
me
th
od
s
en
co
mp
as
s
mo
st
of
th
e
te
ch
ni
qu
es
fo
un
d
in
th
e
li
te
ra
tu
re
:
1.
hy
dr
og
ra
ph
se
pa
ra
ti
on
s
ba
se
d
on
em
pi
ri
ca
l
gr
ap
hi
ca
l
te
ch
ni
qu
es
 . J
  
2.
hydrograph
separations
based
on
mass
balance
techniques
using tracers.
3.
hydrometric mass balance studies involving the measurement
of parameters such as:
stream discharge, precipitation, groundwater
levels, soil moisture, etc.
4. physically—based mathematical models amenable to computer
adaptation.
5. physical basin models
Each method has inherent weaknesses based either on unrealistic
assumptions or limitations on data acquisition. Graphical techniques
commonly assume groundwater to be insignificant and overland flow to
be dominant. Physically—based mathematical models are generally res-
tricted to hypothetical basins by their need for large amounts of hard-
to—obtain physical data and computer space limits. Hydrometric measure—
ments may be subject to considerable error stemming from the extremely
heterogeneous nature of even the most 'homogeneous' research basins.
Physical basin models are often unrealistically simple. Mass balance
techniques involving ionic Species are subject to some error due to the
spatial and temporal variations in overland flow and groundwater chemistry.
Mass balance techniques involving stable isotopes require labour—intensive
research or expensive automatic sampling equipment. Often Storms 0r
sno
wme
lt
eve
nts
are
iso
top
ica
lly
uns
uit
abl
e f
or h
ydr
ogr
aph
sep
ara
tio
n.
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c
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p
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8
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e
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r
a
c
e
r
.
M
e
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u
r
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p
e
c
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f
i
c
c
o
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u
c
t
i
v
i
t
y
i
n
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n
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u
n
c
t
i
o
n
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i
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h
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h
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l
8
a
n
a
l
y
s
e
s
w
e
r
e
u
s
e
d
t
o
a
s
s
i
s
t
i
n
t
h
e
i
n
t
e
r
p
r
e
t
a
t
i
o
n
o
f
t
h
e
i
s
o
t
o
p
e
data.
H
y
d
r
o
m
e
t
r
i
c
m
e
a
s
u
r
e
m
e
n
t
s
,
n
a
m
e
l
y
t
h
e
g
r
o
u
n
d
w
a
t
e
r
a
n
d
s
t
r
e
a
m
s
t
a
g
e
s
,
a
n
d
a
s
t
a
n
d
a
r
d
g
r
a
p
h
i
c
a
l
t
e
c
h
n
i
q
u
e
a
r
e
a
l
s
o
p
r
e
s
e
n
t
e
d
f
o
r
c
o
m
p
a
r
a
t
i
v
e
p
u
r
p
o
s
e
s
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p
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c
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c
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ﬁ
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c
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ra
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c
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b
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4)
,
Ma
rt
in
ec
(1
97
5)
,
Fr
it
z
gt
_a
l;
(1
97
5)
,
an
d
Sk
la
sh
g£
_§
l;
(1
97
6)
ha
ve
at
te
mp
te
d
to
ap
pl
y
th
e
en
vi
ro
nm
en
ta
l
is
ot
op
e
ma
ss
ba
la
nc
e
te
ch
ni
qu
e
in
ru
no
ff
st
ud
ie
s.
Al
l
of
th
es
e
ef
fo
rt
s
ex
ce
pt
th
at
of
Mo
ck
EE
-a
l;
(1
97
4)
(w
ho
se
re
su
lt
s
ar
e
so
me
wh
at
qu
es
ti
on
ab
le
)
in
di
ca
te
la
rg
e
gr
ou
nd
wa
te
r
co
nt
ri
bu
ti
on
s
to
st
or
m
an
d
sn
ow
me
lt
ru
no
ff
.
Co
n—
si
st
en
tl
y
hi
gh
gr
ou
nd
wa
te
r
co
nt
ri
bu
ti
on
s
ha
ve
le
d
to
so
me
do
ub
ts
ab
ou
t
th
e
me
th
od
,
ho
we
ve
r,
th
e
pr
es
en
t
st
ud
y
co
nt
ai
ns
ph
ys
ic
al
ev
id
en
ce
whi
ch
cor
rob
ora
tes
the
res
ult
s
of
the
iso
top
e
tec
hni
que
.
Th
e
fu
nd
am
en
ta
l
pr
in
ci
pl
e
of
th
e
ap
pr
oa
ch
li
es
in
th
e
tr
ac
er
-
lik
e n
atu
re
whi
ch
sno
wme
lt
and
rai
nfa
ll
ass
ume
whe
n
the
ir
oxy
gen
-18
co
nt
en
ts
de
vi
at
e
ma
rk
ed
ly
fr
om
the
ox
yg
en
—1
8
co
nt
en
t
of
wa
te
r
al
re
ad
y
sto
red
in
the
bas
in
(gr
oun
dwa
ter
and
soi
l m
ois
tur
e).
The
oxy
gen
—l8
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content
of
a vapour
mass
is highly
dependent
on its
place
of origin
and its temperature
at condensation (Dansgaard, 1964).
In addition,
successive precipitations from the same vapour mass, altitude, local
moisture sources and other factors all have effects on the isotopic
nature of precipitation thereby creating seasonal, storm to storm,
and intra—storm oxygen—l8 variations. Groundwater in small basins,
however, tends to acquire a temporally and spatially uniform oxygen-l8
character which is closely related to the weighted mean oxygen—l8
content of the water which recharges the basin over a period of years
 
(Brinkmann.et 31,, 1963). Since the analytical accuracy of mass
l spectroscopic determinations of oxygen—18 contents in water is i0.2°/oo
and the local temporal variations in the oxygen-18 content of pre-
cipitation may range from 10 to 200/00 in continental areas, the
probability of experiencing runoff events in which the oxygen—18
contents of the rainfall (or snowmelt) and the water already in the
basin (groundwater and soil moisture) are markedly different, is
qui
te
sub
sta
nti
al.
Par
t I
of
this
rep
ort
con
tai
ns
a f
urt
hur
dis
cus
sio
n
on
ox
yg
en
—1
8
fo
r
hy
dr
og
eo
lo
gi
c
st
ud
ie
s.
Th
e
ac
cu
ra
cy
of
th
es
e
na
tu
ra
l
tr
ac
er
ex
pe
ri
me
nt
s
is
a
fu
nc
ti
on
of
th
e
de
gr
ee
to
wh
ic
h
the
ev
en
t
fu
lf
il
s
the
fo
ll
ow
in
g
cr
it
er
ia
;
1.
th
e
ox
yg
en
—l
8
co
nt
en
t
of
th
e
ra
in
(o
r
sn
ow
me
lt
)
is
's
ig
ﬁ
 
ni
fi
ca
nt
ly
di
ff
er
en
t
fr
om
th
at
of
th
e
gr
ou
nd
wa
te
r.
Ac
cu
ra
cy
in
cr
ea
se
s
as the difference increases.
2.
si
ng
le
-v
al
ue
co
nc
en
tr
at
io
n
of
ox
yg
en
—1
8
du
ri
ng
th
e
en
ti
re
ev
en
t;
or
ex
ce
ll
en
t
sa
mp
li
ng
co
nt
ro
l
of
th
e
va
ri
at
io
ns
;
or
ve
ry
short, high intensity storms.
3.
t
e
m
p
o
r
a
l
l
y
a
n
d
s
p
a
t
i
a
l
l
y
u
n
i
f
o
r
m
o
x
y
g
e
n
-
1
8
c
o
n
t
e
n
t
s
i
n
t
h
e
g?
o
r
e
x
c
e
l
l
e
n
t
s
a
m
p
l
i
n
g
c
o
n
t
r
o
l
o
f
a
s
p
gr
ou
nd
wa
te
r
an
d
un
sa
tu
ra
te
d
zo
ne
s;
 
 m
s
.
.
.
u
.
.
.
_
.
.
.
-
.
w
.
.
‘
.
.
.
.
u
.
.
H
.
.
.
,
_
l
.
,
t
h
e
v
a
r
i
a
t
i
o
n
s
;
o
r
t
o
p
o
g
r
a
p
h
i
c
a
n
d
h
y
d
r
o
g
e
o
l
o
g
i
c
e
n
v
i
r
o
n
m
e
n
t
s
w
h
i
c
h
p
r
e
c
l
u
d
e
s
i
g
n
i
f
i
c
a
n
t
u
n
s
a
t
u
r
a
t
e
d
z
o
n
e
c
o
n
t
r
i
b
u
t
i
o
n
s
t
o
r
u
n
o
f
f
.
4.
m
i
n
i
m
a
l
r
u
n
o
f
f
c
o
n
t
r
i
b
u
t
i
o
n
s
f
r
o
m
s
u
r
f
a
c
e
s
t
o
r
a
g
e
w
a
t
e
r
.
If
t
h
e
s
e
c
o
n
d
i
t
i
o
n
s
a
r
e
c
l
o
s
e
l
y
m
e
t
,
a
c
l
e
a
r
—
c
u
t
d
i
s
t
i
n
c
t
i
o
n
b
e
t
w
e
e
n
r
a
i
n
(o
r
s
n
o
w
m
e
l
t
)
r
u
n
o
f
f
(t
o
b
e
t
e
r
m
e
d
e
v
e
n
t
w
a
t
e
r
)
a
n
d
g
r
o
u
n
d
w
a
t
e
r
(a
nd
so
il
m
o
i
s
t
u
r
e
)
(
t
o
be
t
e
r
m
e
d
p
r
e
—
e
v
e
n
t
wa
t
e
r
)
in
th
e
r
un
o
f
f
h
y
d
r
o
-
gr
ap
h
(e
ve
nt
hy
dr
og
ra
ph
)
ca
n
be
ac
hi
ev
ed
.
Th
e
ma
in
ad
va
nt
ag
es
as
so
ci
at
ed
wi
th
en
vi
ro
nm
en
ta
l
is
ot
op
es
su
ch
as
ox
yg
en
—1
8,
de
ut
er
iu
m,
an
d
tr
it
iu
m
in
ma
ss
ba
la
nc
e
st
ud
ie
s
fo
r
hy
dr
og
ra
ph
se
pa
ra
ti
on
s
ar
e
th
at
th
ey
ar
e
co
ns
er
va
ti
ve
(t
ri
ti
um
de
ca
y
is
ne
gl
ig
ib
le
ov
er
th
e
pe
ri
od
of
a
ru
no
ff
ev
en
t)
an
d
th
ey
ar
e
co
n-
st
it
ue
nt
at
om
s
of
wa
te
r
mo
le
cu
le
s.
Th
e
is
ot
op
es
ar
e
ad
de
d
to
th
e
wa
te
rs
he
d
na
tu
ra
ll
y
by
th
e
hy
dr
ol
og
ic
cy
cl
e.
Th
ei
r
co
nc
en
tr
at
io
ns
ch
an
ge
on
ly
in
re
sp
on
se
to
ph
ys
ic
al
pr
oc
es
se
s
su
ch
as
di
ff
us
io
n,
di
s—
pe
rs
io
n
an
d
mi
xi
ng
.
No
n-
co
ns
er
va
ti
ve
tr
ac
er
s,
on
th
e
ot
he
r—
ha
nd
,
ma
y
be
su
bj
ec
t
to
co
nc
en
tr
at
io
n
ch
an
ge
s
re
su
lt
in
g
fr
om
ch
em
ic
al
re
ac
ti
on
s
an
d
th
er
ef
or
e
sp
at
ia
l
an
d
te
mp
or
al
va
ri
ab
il
it
y
in
gr
ou
nd
wa
te
r
an
d
ov
er
la
nd
fl
ow
(N
ak
am
ur
a,
19
71
)
is
co
mm
on
.
Ev
en
re
la
ti
ve
ly
co
ns
er
va
ti
ve
io
ns
su
ch
as
ch
lo
ri
de
ca
n
be
in
ef
fe
ct
iv
e
in
ba
si
ns
wh
er
e
ro
ad
sa
lt
applications have been made.
If
one
con
sid
ers
onl
y t
wo
sou
rce
s o
f w
ate
r i
n t
he
run
off
hyd
rog
rap
h,
wat
er
add
ed
by
the
eve
nt
(ev
ent
wat
er)
, a
nd
wat
er
whi
ch
exi
ste
d i
n t
he
bas
in
pri
or
to
the
eve
nt
(pr
e-e
ven
t w
ate
r),
the
n f
or
a s
pec
ifi
c t
ime
and
loc
ati
on,
the
fol
low
ing
two
mas
s b
ala
nce
equ
ati
ons
hold true:
and QTaT = QPGP + QEéE [2]
 
—where:
Q is discharge (LB/T), 6 is the oxygen-l8 content (0/00), and
the subscripts T, P, and E refer to total, pre—event, and event water,
respectively.
If the stream discharge is known for the stream sampling
site and oxygen-l8 analyses are made on the groundwater, stream water,
and event water, then equations [1] and [2] can be solved:
*QP=QT _T___E, [31-
It usually suffices to substitute base flow oxygen-l8 for groundwater
oxygen-l8 (Sklash et_al., 1976).
 
Once the pre-event and event water contributions have been
determined, substitution of these values into nitrate and water mass
balance equations yield the overland flow (derived from event water)
nitrate concentration:
g NE = QTNT ' QPNP [4]
QB
whe
re:
N i
s t
he
nit
rat
e c
onc
ent
rat
ion
of
the
com
pon
ent
s.
Aga
in,
the
gro
und
wat
er
nit
rat
e c
onc
ent
rat
ion
is
app
rox
ima
ted
fro
m b
ase
flo
w
nit
rat
e m
eas
ure
men
ts
and
thi
s v
alu
e i
s a
ssu
med
to
rem
ain
con
sta
nt
during the course of a runoff event.
2.2 Hydrometric Technique
Th
e
ma
in
hy
dr
om
et
ri
c
te
ch
ni
qu
e
ap
pl
ie
d
in
th
is
st
ud
y
in
vo
lv
es
 
th
e
es
ta
bl
is
hm
en
t
of
gr
ou
nd
wa
te
r
st
ag
e-
gr
ou
nd
wa
te
r
di
sh
ea
rg
e
ra
ti
ng
Cu
rv
es
fo
r
hy
dr
og
ra
ph
se
pa
ra
ti
on
pu
rp
os
es
(S
ch
ic
ht
an
d
Wa
lt
on
,
19
61
;
Ra
sm
us
se
n
an
d
An
dr
ea
so
n,
19
59
;
Vi
ac
ck
y,
19
70
;
St
ev
en
so
n,
19
67
).
Cu
rV
es
re
la
ti
ng
gr
ou
nd
wa
te
r
st
ag
e
to
st
re
am
di
sc
ha
rg
e
du
ri
ng
ba
se
fl
ow
pe
ri
od
s
(w
he
n
st
re
am
di
sc
ha
rg
e
is
to
ta
ll
y
gr
ou
nd
wa
te
r)
ar
e
as
su
me
d
to
hol
d t
rue
dur
ing
hig
h r
uno
ff
per
iOd
S-
Dur
ing
a r
un°
ff
eve
nt,
  
e-event
*
Q
g
i
s
u
s
e
d
(
r
a
t
h
e
r
t
h
a
n
Q
e
)
w
h
e
n
g
r
o
u
n
d
w
a
t
e
r
i
s
t
h
e
o
n
l
y
p
r
water considered.
*  
  
m
e
a
s
u
r
e
m
e
n
t
s
o
f
g
r
o
u
n
d
w
a
t
e
r
s
t
a
g
e
s
i
t
e
d
o
n
t
h
e
r
a
t
i
n
g
c
u
r
v
e
y
i
e
l
d
e
s
t
i
m
a
t
e
s
o
f
g
r
o
u
n
d
w
a
t
e
r
d
i
s
c
h
a
r
g
e
.
O
v
e
r
l
a
n
d
f
l
o
w
i
s
s
i
m
p
l
y
t
h
e
d
i
f
f
e
r
e
n
c
e
b
e
t
w
e
e
n
t
h
e
g
r
o
u
n
d
w
a
t
e
r
a
n
d
t
o
t
a
l
d
i
s
c
h
a
r
g
e
s
a
t
a
n
y
t
i
m
e
.
T
h
e
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
t
h
e
o
v
e
r
l
a
n
d
f
l
o
w
i
s
t
h
e
n
d
e
t
e
r
m
i
n
e
d
a
s
i
n
t
h
e
i
s
o
t
o
p
e
m
a
s
s
b
a
l
a
n
c
e
t
e
c
h
n
i
q
u
e
.
G
e
n
e
r
a
l
l
y
,
a
v
e
r
a
g
e
g
r
o
u
n
d
w
a
t
e
r
s
t
a
g
e
s
o
v
e
r
t
h
e
e
n
t
i
r
e
b
a
s
i
n
a
r
e
c
a
l
c
u
l
a
t
e
d
f
o
r
t
h
e
d
e
t
e
r
m
i
n
a
t
i
o
n
o
f
t
h
e
g
r
o
u
n
d
w
a
t
e
r
s
t
a
g
e
—
g
r
o
u
n
d
w
a
t
e
r
d
i
s
c
h
a
r
g
e
r
a
t
i
n
g
c
u
r
v
e
s
(
S
c
h
i
c
h
ta
n
d
W
a
l
t
o
n
,
1
9
6
1
;
V
i
s
o
c
k
y
,
1
9
7
0
;
S
t
e
v
e
n
s
o
n
,
1
9
6
7
)
.
T
h
i
s
i
s
t
h
e
c
o
m
m
o
n
p
r
a
c
t
i
c
e
s
i
n
c
e
o
b
s
e
r
v
a
t
i
o
n
w
e
l
l
n
e
t
w
o
r
k
s
a
r
e
r
a
r
e
l
y
d
e
s
i
g
n
e
d
p
r
i
m
a
r
i
l
y
w
i
t
h
t
h
i
s
t
y
p
e
o
f
r
a
t
i
n
g
c
u
r
v
e
i
n
m
i
n
d
.
I
n
th
e
H
i
l
l
m
a
n
C
r
e
e
k
s
t
u
d
y
,
h
o
w
e
v
e
r
,
t
wo
r
e
c
o
r
d
i
n
g
g
r
o
un
d
wa
t
e
r
w
e
l
l
s
w
e
r
e
i
n
s
t
a
l
l
e
d
n
e
a
r
th
e
s
t
r
e
a
m
e
x
p
r
e
s
s
l
y
fo
r
th
e
pu
rp
os
e
of
es
ta
bl
is
hi
ng
th
e
gr
ou
nd
wa
te
r
st
ag
e—
gr
ou
nd
wa
te
r
di
sc
ha
rg
e
ra
ti
ng
cu
rv
es
.
Th
e
as
su
mp
ti
on
s
in
vo
lv
ed
he
re
ar
e
th
at
no
t
al
l
ar
ea
s
of
th
e
ba
si
n
ar
e
se
ns
it
iv
e
to
ru
no
ff
ev
en
ts
an
d
th
at
th
e
gr
ou
nd
wa
te
r
di
sc
ha
rg
e
in
cr
ea
se
s
in
re
sp
on
se
to
ru
no
ff
pr
od
uc
in
g
ev
en
ts
ar
e
la
rg
el
y
th
e
re
su
lt
0f
ra
pi
d,
ne
ar
—s
tr
ea
m,
hy
dr
au
li
c
he
ad
in
cr
ea
se
s.
Th
e
ob
se
rv
at
io
n
we
ll
s
in
th
is
st
ud
y
we
re
9
an
d
10
cm
in
di
am
et
er
wh
il
e
th
os
e
us
ed
in
th
e
st
ud
ie
s
in
Il
li
no
is
by
Sc
hi
ch
t
an
d
Wa
lt
on
(1
96
1)
an
d
Vi
so
ck
y
(1
97
0)
in
cl
ud
ed
we
ll
s
in
ex
ce
ss
of
90
cm
.
in
di
am
et
er
.
Th
e
ef
fe
ct
of
we
ll
st
or
ag
e
wo
ul
d
be
mu
ch
la
rg
er
fo
r
th
e
Il
li
no
is
st
ud
ie
s
th
an
fo
r
th
e
Hi
ll
ma
n
Cr
ee
k
st
ud
y.
Th
e
gr
ou
nd
wa
te
r
st
ag
e-
gr
ou
nd
wa
te
r
di
sc
ha
rg
e
ra
ti
ng
cu
rv
e
te
ch
ni
qu
e
is
su
bj
ec
t
to
er
ro
rs
in
tr
od
uc
ed
by
th
e
he
te
ro
ge
ne
ou
s
na
tu
re
of
gr
ou
nd
wa
te
r
di
sc
ha
rg
e
al
on
g
a
st
re
am
.
Re
sp
on
se
s
ma
y
re
fl
ec
t
ei
th
er
ab
ov
e
or
be
lo
w
av
er
ag
e
gr
ou
nd
wa
te
r
di
sc
ha
rg
e
fo
r
th
e
si
te
s.
Th
e
is
ot
op
e
ma
ss
ba
la
nc
e
te
ch
ni
qu
e
in
te
gr
at
es
in
pu
ts
fr
om
th
ro
ug
ho
ut
th
e
ba
si
n
an
d
th
er
ef
or
e
sh
ou
ld
gi
ve
a
be
tt
er
in
di
ca
ti
on
of
th
e
we
ig
ht
ed
av
er
ag
e
response of the entire basin.
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2.3 Graphical Technique
This
method
is
included
solely
for
comparative
purposes.
Many
techniques
are
available,
all
of
which
are
arbitrary
and
empirical.
The method
chosen
is one
of the
simplest
and most
commonly
practiced.
The runoff hydrograph is plotted on semi-logarithmic paper
(discharge on the logarithmic axis) and the groundwater component is
separated by extending the straight line portion of the recession limb
 
back under the peak discharge (see Linsley etsalL, 1959). Overland
flow is the difference between the total and groundwater diSChargeS.
Nitrate concentrations in overland flow are determined as discussed
previously.
   
3.
T
H
E
S
T
U
D
Y
A
R
E
A
S
H
i
l
l
m
a
n
C
r
e
e
k
,
U
p
p
e
r
W
e
s
t
C
a
n
a
g
a
g
i
g
u
e
C
r
e
e
k
,
a
n
d
U
p
p
e
r
E
a
s
t
C
a
n
a
g
a
g
i
g
u
e
C
r
e
e
k
i
n
s
o
u
t
h
w
e
s
t
e
r
n
O
n
t
a
r
i
o
w
e
r
e
m
o
n
i
t
o
r
e
d
d
u
r
i
n
g
t
h
e
s
p
r
i
n
g
of
19
77
.
D
i
s
c
h
a
r
g
e
d
a
t
a
f
o
r
U
p
p
e
r
E
a
s
t
C
a
n
a
g
a
g
i
g
u
e
C
r
e
e
k
a
r
e
l
i
m
i
t
e
d
to
s
e
v
e
r
a
l
o
b
s
e
r
v
a
t
i
o
n
s
o
n
a
s
t
a
f
f
g
a
u
g
e
as
t
h
e
s
t
a
g
e
r
e
c
o
r
d
e
r
at
th
e
s
i
t
e
w
a
s
n
o
t
in
o
p
e
r
a
t
i
o
n
.
H
i
l
l
m
a
n
C
r
e
e
k
w
a
s
i
n
t
e
n
s
i
v
e
l
y
m
o
n
i
t
o
r
e
d
a
t
t
h
e
s
i
t
e
w
h
e
r
e
it
c
h
a
n
g
e
s
d
i
r
e
c
t
i
o
n
f
r
o
m
p
r
e
d
o
m
i
n
a
n
t
l
y
s
o
u
t
h
w
a
r
d
to
p
r
e
d
o
m
i
n
a
n
t
l
y
e
a
s
t
w
a
r
d
(
F
i
g
u
r
e
1)
.
I
n
s
t
r
u
m
e
n
t
a
t
i
o
n
at
t
h
a
t
s
i
t
e
c
o
n
s
i
s
t
e
d
o
f
a
n
a
ut
o
m
a
t
i
c
s
t
r
e
a
m
s
a
m
p
l
i
n
g
de
vi
ce
(N
or
th
H
a
n
t
s
E
n
g
i
n
e
e
r
i
n
g
M
a
r
k
4B
),
wa
te
r
le
ve
l
re
co
rd
in
g
de
vi
ce
s
fo
r
st
re
am
st
ag
e
an
d
gr
ou
nd
wa
te
r
st
ag
e
(a
wa
te
r
ta
bl
e
we
ll
ap
pr
ox
im
at
el
y
3
me
tr
es
fr
om
th
e
st
re
am
an
d
a
pi
ez
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during
which
time
no
appreciable
runoff
events
occurred.
The
drainage
area
served
by
the
gauging
station
is
18.9
km2
and
the
main
channel
length
is
approximately
7 km.
Land
use
is
pri-
marily dairy farming and the watershed is entirely agricultural.
The
topography is undulating and surficial material is commonly loam soil.
Base
flow
in
the
stream
ceases
in
the
late
spring
and
flows
only
intermit-
tently following summer storms. Tile drainage is common through the
watershed.
Upper East Canagagigue Creek was monitored where it flows
southwesterly beneath Waterloo County Road‘Ql. Instrumentation consisted
of an automatic stream sampling device, a standard rain gauge, a rain
collector, a staff gauge in the stream, and several piezometers ranging
in depth from 1 to 7 metres and located from 2 to 50 metres from the
 
stream.
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the
mai
n
channel length is about 4.5 km. Land use in the undissected parts of the
watershed is mainly dairy farming. The areas adjacent to the stream
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For example,
on April 26, 1976, the values at Verbeke's Bridge and
the weir were -6.6 and —8.1O/oo, respectively (Cherry 25 al;, 1976).
On April 16, 1977, the values were —6.9 and —8.lO/oo, respectively.
Baseflow conductivity at Verbeke's Bridge was most commonly
found to be near 760 us but frequent deviations to as high as 800 uS
and to as low as 450 uS were noted. Conductivity values at the weir
site were approximately 100 uS less than at Verbeke's Bridge. The
cause of this dilution may be as in the isotopic spatial variations,
due to a relative increase in the downstream direction of the locally~
derived, shallow groundwater contributions.
Nitrate (NO3_-N) in baseflow varied both temporally and
spatially. Early April (1977) values of nitrate at Verbeke's Bridge
fluctuated between 3.5 and 6.5 mg/l and at the weir, between 2.5 and
4.5
mg/
l.
Bas
efl
ow
sho
rtl
y b
efo
re
and
aft
er
the
May
4 s
tor
m h
ad
bet
wee
n 4
and
6 m
g/l
nit
rat
e a
t V
erb
eke
's
Bri
dge
but
bet
wee
n M
ay
7
and 13, values rangedfrom 2 to l1 mg/l.
Gr
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d
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a f
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—l8
con
ten
t w
hil
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nea
r—
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eam
pie
zom
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rs
sho
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e
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tia
l v
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ati
ons
(Ta
ble
l).
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at
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am
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at
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at
e
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en
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tions were significant (Table 2).
4.2.2 Physical Hydrogeology
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r
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0.9
8 d
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ng
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dy
per
iod
.
The
lar
ger
rec
ess
ion
coe
ffi
cie
nts
usu
all
y c
orr
e3p
ond
ed
to
low
dis
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The
dif
fer
enc
es
in
hyd
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d b
etw
een
H44
WT8
and
the
str
eam
and
GWW
and
the
str
eam
for
bas
efl
ow
dis
cha
rge
at
sev
era
l t
ime
s
during the study period are listed in Table 3. These differences
represent hydraulic gradients of approximately 0.03 and 0.12, res-
pectively, where the former is essentially a horizontal gradient and
the latter, a vertical gradient.
 
 Editor's Note:
Due to an error in numbering,
pages 17 — 20 are missing.
 
No text or other information is missing.
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4.3
Baseflow
Characteristics
of
Upper
West
Canagagigue
Creek
4.3.1 Isotopes and Chemistry
Baseflow
oxygen—18
values
for
Upper
West
Canagagigue
Creek
ranged
from
~l3.50/oo
on
March
28,
1977
to
-6.3o/oo
on
June
2,
1977.
Bank
storage
of
snowmelt
water
and
residual
snowmelt
may
be
in
part
responsible
for
the
light
March
values
and
evaporation
and
low
baseflow
discharge
could
have
produced
the
heavier
June
values.
As
in
Hillman
Creek,
baseflow
oxygen—l8
tended
toward
heavier
values
in
the
late
 
spring.
Conductivity generally increased with time during the study
period.
Conductivities ranging from 400 to 550 uS were observed in
April while May and June values were within 500 to 600 uS. The pro—
gressively higher conductivities correspond well with the oxygen—18
trend.
Baseflow nitrate exhibited a trend toward lower values with
time. In late March, baseflow nitrate was approximately 4.0 mg/l while
in April, it was about 1.5 mg/l. Baseflow nitrate values changed
fairly slowly allowingreasonable estimates of average baseflow nitrate
 
to be made.
4.3.2 Physical Hydrogeology
Groundwater stage-groundwater discharge curves were not obtained
for this basin. The recession coefficient ranged from between 0.85 and
0.96. The creek remained frozen until mid—March and flow virtually
ceased in mid—May. Units of cubic metres per second are used for dis-
charge.
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ed
at
se
ve
ra
l
lo
ca
ti
on
s
al
on
g
th
e
cr
ee
k.
Th
e
st
ro
ng
ly
ef
fl
ue
nt
na
tu
re
of
the
st
re
am
is
ma
ni
fe
st
ed
in
its
ab
il
it
y
to
re
ma
in
un
fr
oz
en
al
l
wi
nt
er
lo
ng
an
d
it
s
st
ro
ng
,
su
mm
er
baseflow discharge.
Cub
ic
met
res
per
sec
ond
are
the
dis
cha
rge
uni
ts
use
d f
or
the East Canagagigue Creek study.
4.5 Runoff Events on Hillman Creek
Full instrumentation for the Hillman Creek watershed was
not
achi
eved
unti
lApr
il 1
1, 1
977.
Fiel
d W
ork
was
term
inat
eg.o
n Ju
ne 1
1:
 4
——
23
1977. During this interval, three notable storms, including two
storms of sufficient magnitude to induce overland flow, occurred.
Event monitoring was less complete than desired due to the long
distance to the research area (approximately 300 km), however, several
significant observations were made.
Prior to full instrumentation, snowmelt and storm runoff
events were sampled on a reconnoissance basis only. These results
will be discussed briefly.
4.5.1 Snowmelt Event - February 22, 1977
During the first visit to the area for the runoff study,
 
above—freezing temperatures instigated a snowmelt runoff event. The
str
eam
val
ley
its
elf
was
fil
led
wit
h c
omp
act
ed
sno
w a
nd
a s
hov
el
was
nee
ded
to
rea
ch
ope
n w
ate
r.
No
dis
cha
rge
rec
ord
s a
re
ava
ila
ble
for
 
the
day
as
sub
-ze
ro
(0C
) t
emp
era
tur
es
at
nig
ht
cau
sed
the
sti
lli
ng
wel
l
to
fre
eze
.
H44
WT8
was
act
iva
ted
and
the
res
ult
ing
hyd
rog
rap
h i
s s
how
n
in Figure 3. The ground was frozen at this time.
Wh
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e
co
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y
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e
ox
yg
en
-1
8
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nt
en
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w
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(47
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.9O
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ove
rla
nd
flo
w s
amp
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fro
m
two
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ati
ons
(at
Ver
bek
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Bri
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and
nea
r
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wei
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r
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yg
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—l
8
va
lu
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(—
15
.2
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-1
5.
50
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"r
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el
y)
.
Gr
ou
nd
wa
te
r
sa
mp
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s
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ke
n
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at
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y
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d
ox
yg
en
—1
8
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r
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e
ta
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n
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e
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ev
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tw
o
ye
ar
s.
Tw
o
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re
am
sa
mp
le
s
we
re
ta
ke
n
at
th
e
we
ir
an
d
tw
w
at Verbeke's Bridge (Table 4).
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p
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w
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b
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b
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se
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c
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p
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b
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b
e
k
e
'
s
B
r
i
d
g
e
a
s
t
h
i
s
s
i
t
e
i
s
g
e
n
e
r
a
l
l
y
heavier by about that amount.
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 ﬁ
r
t
i
g
r
a
t
w
g
s
g
1
1
.
.
.
:
k
.
.
.
7
.
.
24
O
n
t
h
e
b
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s
i
s
o
f
t
h
e
s
e
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i
c
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e
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h
e
p
e
r
c
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t
a
g
e
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f
g
r
o
u
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d
w
a
t
e
r
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s
n
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w
m
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r
u
n
o
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f
w
e
r
e
c
a
l
c
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a
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T
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e
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G
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a
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g
e
c
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i
b
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e
v
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W
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p
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b
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p
e
c
t
e
d
i
n
v
i
e
w
o
f
t
h
e
f
a
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t
h
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r
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a
c
e
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r
i
a
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r
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g
e
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r
a
l
l
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s
t
i
l
l
f
r
o
z
e
n
a
n
d
i
n
f
i
l
t
r
a
t
i
o
n
c
a
p
a
c
i
t
y
w
a
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t
h
e
r
e
f
o
r
e
p
r
o
b
a
b
l
y
l
o
w
.
T
h
e
h
y
d
r
o
g
r
a
p
h
o
f
H
4
4
W
T
8
(
F
i
g
u
r
e
3)
i
n
d
i
c
a
t
e
s
t
h
a
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a
t
l
e
a
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t
h
e
n
e
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r
e
a
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o
u
n
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a
t
e
r
r
e
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o
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e
d
r
a
p
i
d
l
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t
o
t
h
e
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n
o
w
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l
t
e
p
i
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o
d
e
s
.
W
a
t
e
r
l
e
v
e
l
s
i
n
m
o
r
e
d
i
s
t
a
n
t
p
i
e
z
o
m
e
t
e
r
s
a
p
p
a
r
e
n
t
l
y
s
h
o
w
e
d
a
m
u
c
h
s
l
o
w
e
r
r
e
s
p
o
n
s
e
to
t
h
e
s
n
o
w
m
e
l
t
(
T
a
b
l
e
6)
.
G
r
o
u
n
d
w
a
t
e
r
s
e
e
p
a
g
e
t
h
r
o
u
g
h
t
h
e
stre
a
m
b
e
d
,
m
o
n
i
t
o
r
e
d
b
y
m
e
a
n
s
of
a
s
e
e
p
a
g
e
m
e
t
e
r
,
i
n
d
i
c
a
t
e
d
a
s
i
g
n
i
f
i
c
a
n
t
up
wa
r
d
g
r
a
d
i
e
n
t
t
h
r
o
ug
h
th
e
s
t
r
e
a
m
b
e
d
at
V
e
r
b
e
k
e
'
s
B
r
i
d
g
e
(L
ee
,
p
e
r
s
o
n
a
l
communication).
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5.
2
Ra
in
Ev
en
t
-
Ma
rc
h
4,
19
77
Ap
pr
ox
im
at
el
y
7
mm
.
of
ra
in
fe
ll
on
th
e
ba
si
n
on
Ma
rc
h
4.
Th
e
so
il
wa
s
st
il
l
fr
oz
en
an
d
sc
at
te
re
d
pa
tc
he
s
of
sn
ow
we
re
co
mm
on
throughout the basin.
Ov
er
la
nd
fl
ow
wa
s
ob
se
rv
ed
at
th
e
sa
me
si
te
s
as
no
te
d
on
Fe
br
ua
ry
22
.
Ni
tr
at
e
va
lu
es
in
th
e
st
re
am
at
a
si
te
mi
dw
ay
be
tw
ee
n
Ve
rb
ek
e'
s
Br
id
ge
an
d
th
e
we
ir
(n
ot
ed
as
we
ir
2,
se
e
Fi
gu
re
1)
in
cr
ea
se
d
du
ri
ng
th
e
st
or
m
(T
ab
le
7)
.
In
su
ff
ic
ie
nt
is
ot
op
e
da
ta
pr
ed
lu
de
s
an
y
hy
dr
og
ra
ph
se
pa
ra
ti
on
at
te
mp
ts
.
4.
5.
3
Ra
in
Ev
en
ts
on
Ap
ri
l
2
an
d
Ap
ri
l
4,
19
77
Th
es
e
two
ev
en
ts
ar
e
tr
ea
te
d
to
ge
th
er
si
nc
e
th
e
se
co
nd
cl
os
al
y
fo
ll
ow
ed
th
e
fi
rs
t.
Ra
in
ev
en
ts
on
Ap
ri
l
2
(1
9
mm
)
an
d
Ap
ri
l
4
(6
mm
)
#
_
_
_
_
.
A 
Editor's Note:
Due
to
an
error
in
numbering,
pages
25
—
27
are
missing.
 
No
text
or
other
information
is
missing.
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c
a
u
s
e
d
t
w
o
d
i
s
t
i
n
c
t
r
u
n
o
f
f
e
v
e
n
t
s
a
t
t
h
e
V
e
r
b
e
k
e
B
r
i
d
g
e
g
a
u
g
i
n
g
s
i
t
e
(
F
i
g
u
r
e
4
)
.
T
h
e
h
y
d
r
o
g
r
a
p
h
i
n
F
i
g
u
r
e
4
w
a
s
o
b
t
a
i
n
e
d
f
r
o
m
t
h
e
r
e
c
o
r
d
i
n
g
r
a
i
n
g
a
u
g
e
l
o
c
a
t
e
d
a
p
p
r
o
x
i
m
a
t
e
l
y
2
k
m
.
e
a
s
t
o
f
t
h
e
g
a
u
g
i
n
g
s
i
t
e
.
G
r
o
u
n
d
f
r
o
s
t
w
a
s
n
o
l
o
n
g
e
r
p
r
e
s
e
n
t
i
n
t
h
e
b
a
s
i
n
w
h
e
n
t
h
e
e
v
e
n
t
s
o
c
c
u
r
r
e
d
,
h
o
w
e
v
e
r
,
t
h
e
b
a
s
i
n
w
a
s
q
u
i
t
e
w
e
t
f
r
o
m
a
n
a
c
c
u
m
u
l
a
t
i
o
n
o
f
2
8
m
m
.
o
f
r
a
i
n
i
n
t
h
e
p
r
e
v
i
o
u
s
w
e
e
k
.
T
h
e
s
t
e
e
p
s
t
r
e
a
m
r
e
c
e
s
s
i
o
n
p
r
i
o
r
t
o
A
p
r
i
l
2
,
e
v
e
n
t
h
o
u
g
h
n
o
r
a
i
n
h
a
d
f
a
l
l
e
n
i
n
t
h
e
p
r
e
v
i
o
u
s
t
h
r
e
e
d
a
y
s
,
i
s
i
n
d
i
c
a
t
i
v
e
o
f
t
h
e
w
e
t
b
a
s
i
n
c
o
n
d
i
t
i
o
n
s
.
T
h
e
d
i
u
r
n
a
l
r
e
g
u
l
a
r
i
t
y
o
f
t
h
e
g
r
o
u
n
d
w
a
t
e
r
a
n
d
s
t
r
e
a
m
h
y
d
r
o
g
r
a
p
h
s
p
r
i
o
r
t
o
t
h
e
s
e
e
v
e
n
t
s
s
u
g
g
e
s
t
t
h
a
t
e
v
a
p
o
t
r
a
n
s
p
i
r
a
t
i
o
n
at
t
h
i
s
t
i
m
e
w
a
s
i
n
s
i
g
n
i
f
i
c
a
n
t
.
I
s
o
t
o
p
i
c
a
n
d
c
h
e
m
i
c
a
l
d
a
t
a
f
o
r
t
h
e
s
e
s
t
o
r
m
s
a
r
e
u
n
a
v
a
i
l
a
b
l
e
as
th
e
ne
ce
ss
ar
y
eq
ui
pm
en
t
ha
d
no
t
ye
t
be
en
in
st
al
le
d.
A
nu
mb
er
of
ge
ne
ra
l
ob
se
rv
at
io
ns
ca
n
be
ma
de
re
ga
rd
in
g
th
e
ph
ys
ic
al
in
te
ra
ct
io
ns
of
th
e
gr
ou
nd
wa
te
r-
st
re
am
sy
st
em
in
re
sp
on
se
to
th
e
ra
in
fa
ll
ev
en
ts
:
1.
Si
gn
if
ic
an
t
an
d
di
st
in
ct
hy
dr
og
ra
ph
s
we
re
re
co
rd
ed
fo
r
bo
th
th
e
st
re
am
an
d
th
e
ne
ar
-s
tr
ea
m
gr
ou
nd
wa
te
r
(F
ig
ur
e
4)
2.
Hy
dr
au
li
c
he
ad
s
in
th
e
gr
ou
nd
wa
te
r
sy
st
em
re
ma
in
ed
ab
ov
e
st
re
am
le
ve
l
ev
en
at
pe
ak
di
sc
ha
rg
e
(F
ig
ur
e
4)
.
3.
Gr
ou
nd
wa
te
r
le
ve
ls
ne
ar
th
e
st
re
am
re
sp
on
de
d
qu
ic
kl
y
to
th
e
ra
in
events (Figure 4).
4.
Gr
ou
nd
wa
te
r
ne
ar
th
e
st
re
am
wa
s
mo
re
se
ns
it
iv
e
to
th
e
se
co
nd
st
or
m
th
an
th
e
fi
rs
t
ev
en
th
ou
gh
th
e
se
co
nd
st
or
m
wa
s
66
%
sm
al
le
r.
Th
e
ri
si
ng
li
mb
sl
op
e
is
st
ee
pe
r
fo
r
Ap
ri
l
4
ev
en
th
ou
gh
ra
in
fa
ll
in
te
ns
it
y
wa
s
lo
we
r
an
d
th
e
ri
se
—t
o—
ra
in
ra
ti
o
fo
r
GW
W
wa
s
gr
ea
te
r
on
Ap
ri
l
4
th
an
on
Ap
ri
l
2
(7
:1
an
d
2.
1:
1,
re
sp
ec
ti
ve
ly
).
5.
Th
e
hy
dr
au
li
c
gr
ad
ie
nt
s
be
tw
ee
n
H4
4W
T8
an
d
th
e
st
re
am
an
d
GW
W
an
d
th
e
st
re
am
de
cr
ea
se
d
on
ly
sl
ig
ht
ly
at
pe
ak
st
re
am
di
sc
ha
rg
e
an
d
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increased
shortly
thereafter
(Figure
4)-
6.
Successively
higher
groundwater
stages
at
GWW
resulted
from
the
two storms (Figure 4).
7.
The
hydraulic
gradient
between
GWW
and
the
stream
was
greater
at
peak discharge on April 4 than it was at baseflow on April 1 (Figure 4).
Hydrograph separations by use of the groundwater stage—groundwater
discharge rating curve method for the April 2 and 4 storms yield 41 and
 
91% groundwater, respectively, in the excess runoff (Figure 5). Excess
runoff is that discharge in excess of the runoff expected in the absence
of a runoff producing event. These separations correspond to 63 and 88%
groundwater at peak discharge for April 2 and 4, respectively, where
these percentages are percentages of the total stream discharge at the
time.
Using the graphical technique of hydrograph separation, groundwater
was found to constitute 63 and 61% of the peak discharges on April 2 and 4,
respectively (Figure 5).
App
rox
ima
tel
y 2
0.9
X 1
03
m3
of
rai
n f
ell
on
the
bas
in
on
Apr
il
2
producing 962 m3 of excess flow, a storm yield of 5%. The volume of
rai
n i
n t
he
exc
ess
run
off
as
cal
cul
ate
d b
y t
he
gro
und
wat
er
sta
ge-
3 .
gro
und
wat
er
dis
cha
rge
rat
ing
cur
ve
met
hod
was
674
m .
Thi
s r
uno
ff
 
cou
ld
hav
e b
een
sup
pli
ed
by
an
are
a a
lon
g t
he
str
eam
51
m w
ide
if
tha
t
area had a storm yield of 100%.
3
On
Ap
ri
l
4,
6.
6
X
10
3
m3
of
ra
in
re
su
lt
ed
in
98
0
m
of
ex
ce
ss
fl
ow
or
a
15
%
yi
el
d.
On
ly
90
m3
of
ex
ce
ss
fl
ow
ar
e
at
tr
ib
ut
ed
to
th
e
rain and this could have been supplied by a 21.4 m Strip along the
stream.
  
4
.
5
.
4
R
a
i
n
E
v
e
n
t
—
A
p
r
i
l
2
2
t
o
A
p
r
i
l
2
6
,
1
9
7
7
S
i
g
n
i
f
i
c
a
n
t
r
a
i
n
f
a
l
l
s
o
f
3
8
,
35
,
a
n
d
3
1
m
m
o
c
c
u
r
r
i
n
g
o
n
A
p
r
i
l
2
2
,
23
,
a
n
d
25
,
r
e
s
p
e
c
t
i
v
e
l
y
,
p
r
o
d
u
c
e
d
d
r
a
m
a
t
i
c
r
e
s
p
o
n
s
e
s
i
n
b
o
t
h
t
h
e
s
t
r
e
a
m
d
i
s
c
h
a
r
g
e
a
n
d
g
r
o
u
n
d
w
a
t
e
r
s
t
a
g
e
s
.
T
h
e
s
e
e
v
e
n
t
s
w
e
r
e
t
h
e
f
i
r
s
t
t
o
b
e
m
o
n
i
t
o
r
e
d
w
i
t
h
f
u
l
l
i
n
s
t
r
u
m
e
n
t
a
t
i
o
n
,
h
o
w
e
v
e
r
,
i
s
o
t
o
p
i
c
a
n
d
c
h
e
m
i
c
a
l
d
a
t
a
a
r
e
a
v
a
i
l
a
b
l
e
f
o
r
A
p
r
i
l
2
5
o
n
l
y
d
u
e
to
s
a
m
p
l
i
n
g
d
i
f
f
i
c
u
l
t
i
e
s
.
N
o
r
a
i
n
h
a
d
f
a
l
l
e
n
o
n
t
h
e
b
a
s
i
n
i
n
t
h
e
w
e
e
k
p
r
i
o
r
t
o
A
p
r
i
l
2
2
a
n
d
on
th
e
b
a
s
i
s
of
th
e
s
t
r
e
a
m
h
yd
r
o
g
r
a
p
h
,
it
ca
n
S
a
f
e
l
y
b
e
a
s
s
u
m
e
d
th
at
th
e
b
a
s
e
fl
ow
c
o
n
d
i
t
i
o
n
s
p
r
e
v
a
i
l
e
d
p
r
i
o
r
to
th
e
st
or
ms
.
T
h
e
s
t
r
e
a
m
an
d
g
r
o
un
d
wa
t
e
r
h
y
d
r
o
g
r
a
p
h
s
al
so
d
e
n
o
t
e
th
e
i
n
s
i
g
n
i
f
i
c
a
n
c
e
of
e
v
a
p
o
t
r
a
n
s
-
piration at the time.
Tw
o
ma
jo
r
ru
no
ff
pe
ak
s
we
re
ob
se
rv
ed
,
th
e
fi
rs
t
oc
cu
rr
ed
on
Ap
ri
l
23
an
d
th
e
se
co
nd
on
Ap
ri
l
25
.
Th
e
st
re
am
re
co
rd
er
fa
lt
er
ed
on
th
e
fi
rs
t
pe
ak
an
d
al
th
ou
gh
H4
4W
T8
fa
il
ed
pr
io
r
to
th
e
fi
rs
t
pe
ak
,
it
s
pe
ak
stage was recorded.
A
nu
mb
er
of
ge
ne
ra
l
ob
se
rv
at
io
ns
ca
n
be
ma
de
re
ga
rd
in
g
th
e
ph
ys
ic
al
response of the system:
1.
Si
gn
if
ic
an
t
an
d
di
st
in
ct
hy
dr
og
ra
ph
s
we
re
re
co
rd
ed
fo
r
bo
th
th
e
st
re
am
an
d
th
e
gr
ou
nd
wa
te
r
(F
ig
ur
e
6)
.
2.
Th
e
hy
dr
au
li
c
he
ad
in
th
e
gr
ou
nd
wa
te
r
sy
st
em
re
ma
in
ed
ab
ov
e
th
e
st
re
am
st
ag
e
ev
en
at
pe
ak
di
sc
ha
rg
e
(F
ig
ur
e
6)
;
th
at
is
,
th
e
st
re
am
remained effluent.
3.
Gr
ou
nd
wa
te
r
ne
ar
th
e
st
re
am
re
sp
on
de
d
qu
ic
kl
y
to
th
e
ra
in
ev
en
tS
(Fi
gur
e 6
).
Gro
und
wat
er
res
pon
siv
nes
s a
ppa
ren
tly
dec
rea
sed
awa
y f
rom
the stream (Table 8).
 
—31
4.
The
hydraulic
gradient
between
GWW
and
the
stream
was
greater
at
the
second
peak
(10.8
cm/L*)
than
at baseflow
(8.6
cm/L).
The hydraulic gradient at the first peak was 30% lower than at
baseflow (Figure 6).
5.
Significant amounts of overland flow were observed emanating
from a low area on Roger Verbeke's property upstream from Verbeke's
Bridge. Overland flow in other areas was common but not nearly as
abundant.
6. The second groundwater peak (on April 25) occurred about 6
 
g hours afterthe second discharge peak (Figure 6).
The April 25 portion of the rain was isotopically ideal for
hydrograph separation.
Figure 7 is a plot of the temporal and spatial variations of
 
oxygen—l8 and conductivity in the rain and overland flow. The temporal
variations in stream oxygen—l8, conductivity and nitrate are listed
in Table 9.
Som
e
gen
era
l
obs
erv
ati
ons
reg
ard
ing
the
iso
top
ic
and
che
mic
al
response of the watershed can be made:
1.
Th
e
ox
yg
en
—1
8
co
nt
en
t
of
th
e
ra
in
on
Ap
ri
l
25
ra
ng
ed
be
tW
ee
n
-l
6.
5
an
d
—2
0.
0o
/o
o
wi
th
a
we
ig
ht
ed
av
er
ag
e
va
lu
e
of
—1
8.
lo
/o
o
(F
ig
ur
e
7).
0
Si
nc
e
ba
se
fl
ow
ox
yg
en
-1
8
pr
io
r
to
Ap
ri
l
22
wa
s
—6
.9
/0
0,
th
e
gr
ou
nd
wa
te
r
 
component could be estimated to within $52.
2.
T
h
e
r
a
i
n
c
o
n
d
u
c
t
i
v
i
t
y
w
a
s
r
e
l
a
t
i
v
e
l
y
l
o
w
(l
es
s
t
h
a
n
10
0
us
)
(T
ab
le
9)
,
wh
er
ea
s
ba
se
fl
ow
co
nd
uc
ti
vi
ty
pr
io
r
to
Ap
ri
l
22
wa
s
ab
ou
t
75
0
uS
.
a
n
c
e
b
e
t
w
e
e
n
t
h
e
w
e
l
l
s
c
r
e
e
n
a
n
d
*
L
i
s
t
h
e
h
o
r
i
z
o
n
t
a
l
o
r
v
e
r
t
i
c
a
l
d
i
s
t
the streambed.
 g
 Editor's Note:
Du
e
to
an
er
ro
r
in
nu
mb
er
in
g,
pa
ge
32
is
mi
ss
in
g.
No
te
xt
or
ot
he
r
in
fo
rm
at
io
n
is
mi
ss
in
g.
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3.
Overland
flow
from
north
of
Verbeke's
Bridge
and
from
Whittle's
property
had
oxygen—18
and
conductivity
values
similar
to
the
rain
values.
A
major
source
of
overland
flow
just upstream
from
Verbeke's
Bridge
had
oxygen—l8
and
conductivity
values
indicative
of
large
groundwater
contributions
(Figure
7
and
Table
9).
4.
Nitrate
values
in
the
stream
were
similar
to
those
in
overland
flow
from
just
upstream
of
Verbeke's
Bridge
(Table
9).
The hydrograph
separations based
on groundwater
stage—
groundwater discharge rating curves and the oxygen-l8 method give
similar results (Figure 8) with both methods indicating large ground—
water contributions. For the local discharge peak at 14:30 April 25,
total stream discharge was 81 1/3. The estimated groundwater con—
 
tributions were 66 and 67 1/8 for the groundwater stage-groundwater
discharge rating curve and oxygen—18 techniques, respectively. The
graphical technique estimated 32 1/3 groundwater (Figure 8). As
percentages of total discharge, these are 81, 83, and 40%, respectively.
Using the mass balance equations for oxygen—18 [3] and
assuming 6g = -9.OO/oo for the shallow groundwater, approximately 70%
of the overland flow emanating from the low area just upstream from
Verbeke's Bridge was groundwater. Estimating the conductivity of the
rain-OVerland flow component as 100 uS (reasonable in light of the
observed values for overland flow on Whittle's and Verbeke's property
nort
h of
the
cree
k)
and
the
grou
ndwa
ter
as 7
50 u
S (t
he s
ame
as b
asef
low)
,
mas
s b
ala
nce
equ
ati
ons
for
con
duc
tiv
ity
als
o s
ugg
est
70%
gro
und
wat
er
I
in
the
ove
rla
nd
flo
w e
man
ati
ng
fro
m t
he
are
a u
pst
rea
m o
f V
erb
eke
3
Bridge.
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In
order
to
compute the
growth
of
the
groundwater
discharge
area in response to a storm, one can invoke Darcy's
law:
Q1 = KlIlAl [4]
where:
Ql is baseflow discharge in the stream, K
is hydraulic con—
1
ductivity, Il us the hydraulic gradient and Al is the area of ground—
‘
water discharge (either directly into the streambed or through the
j
seepage face above the stream). At high flows caused by a runoff pro— ‘
ducing event,
Q2 = K212A2 [5]
where: Q2 is the groundwater component of the stream discharge, K2 is
the hydraulic conductivity (assume Kl = K2), 12 is the hydraulic
gradient, and A2 is the area of groundwater discharge (including direct
seepage into the streambed, the seepage face, and areas away from the
stream discharging groundwater which is then delivered to the stream as
surface runoff).
Since: I = AH/AL [6]
 
wher
e:
AH i
s th
e hy
drau
lic
head
diff
eren
ce a
nd A
L th
e di
stan
ce b
etwe
en
the
two
poi
nts
of
hea
d m
eas
ure
men
t a
nd
sin
ce
AL
is
a c
ons
tan
t f
or
two
points, equation [4] divided by [5] reduces to:
A
= A
AH1
Q2
7
‘5
2 1 ———- -— [ ] H
AHz Q1 ii
Q2
ca
n
b
e
d
e
t
e
r
m
i
n
e
d
by
th
e
is
ot
op
ic
ma
ss
b
a
l
a
n
c
e
te
ch
ni
qu
e
and AHl and AH2 are the differences between the groundwater Stage at a go”
up;
po
in
t
in
th
e
sa
tu
ra
te
d
zo
ne
an
d
th
e
st
re
am
st
ag
e
at
ba
se
fl
ow
at
th
e
ii
l
I
chos
en t
ime,
resp
ecti
vely
.
Pl
'ff
‘ f r 2:,
A
t
b
a
s
e
f
l
o
w
p
r
i
o
r
t
o
t
h
e
A
p
r
i
l
2
2
s
t
o
r
m
,
A
H
l
w
a
s
8
6
c
m
0
g
f
t
t
h
e
l
o
c
a
l
d
i
s
c
h
a
r
g
e
L
wa and 7.0 cm for H44WT8. Ql was 6.4 1/3. A
  g
 p
e
a
k
w
h
i
c
h
o
c
c
u
r
r
e
d
a
t
l
4
z
3
O
A
p
r
i
l
2
5
,
A
H
2
w
a
s
1
0
.
7
c
m
f
o
r
G
W
W
a
n
d
1
2
.
3
c
m
f
o
r
H
4
4
W
T
8
.
O
n
t
h
e
b
a
s
i
s
o
f
t
h
e
i
s
o
t
o
p
e
s
e
p
a
r
a
t
i
o
n
,
Q
2
w
a
s
6
7
1
/
3
.
T
h
e
r
e
f
o
r
e
:
A
=
A
8
.
6
6
7
m
8
A
f
o
r
G
W
[
8
]
2
1
1
0
.
7
6
.
4
1
A
2
=
A
1
7
.
0
6
7
«V
6
A
l
f
o
r
H
4
4
W
T
8
[9
]
12.3 6.4
T
h
e
r
e
f
o
r
e
,
i
n
o
r
d
e
r
t
o
a
c
c
o
u
n
t
f
o
r
t
h
e
l
a
r
g
e
g
r
o
u
n
d
w
a
t
e
r
c
o
m
p
o
n
e
n
t
i
n
t
h
e
s
t
o
r
m
r
u
n
o
f
f
,
o
n
A
p
r
i
l
2
5
,
o
n
e
m
u
s
t
a
s
s
u
m
e
t
h
a
t
t
h
e
a
r
e
a
o
f
g
r
o
u
n
d
-
w
a
t
e
r
d
i
s
c
h
a
r
g
e
e
x
p
a
n
d
e
d
t
o
b
e
t
w
e
e
n
6
a
n
d
8
t
i
m
e
s
t
h
e
b
a
s
e
f
l
o
w
d
i
s
c
h
a
r
g
e
a
r
e
a
a
n
d
t
h
a
t
th
e
h
y
d
r
a
u
l
i
c
g
r
a
d
i
e
n
t
n
e
a
r
th
e
s
t
r
e
a
m
i
n
c
r
e
a
s
e
d
b
y
2
4
%
to
76
%
of
th
e
b
a
s
e
f
l
o
w
gr
ad
ie
nt
.
C
o
m
p
u
t
a
t
i
o
n
of
th
e
n
i
t
r
a
t
e
f
l
u
x
in
t
h
e
s
t
r
e
a
m
d
u
e
to
t
h
e
e
v
e
n
t
wa
te
r
is
co
mp
li
ca
te
d
by
th
e
fa
ct
th
at
se
ve
ra
l
st
at
ed
or
im
pl
ie
d
as
su
mp
—
ti
on
s
ar
e
no
t
va
li
d
fo
r
th
is
ev
en
t.
Th
e
fo
re
mo
st
pr
ob
le
m
is
th
e
va
r—
ia
bi
li
ty
of
th
e
gr
ou
nd
wa
te
r
ni
tr
at
e
in
pu
ts
.
Wh
er
e
ba
se
fl
ow
ni
tr
at
e
in
th
e
st
re
am
co
ul
d
be
ch
ar
ac
te
ri
ze
d
by
3
to
6
mg
/l
,
th
e
ov
er
la
nd
fl
ow
em
an
at
in
g
fr
om
ju
st
up
st
re
am
fr
om
Ve
rb
ek
e'
s
Br
id
ge
ha
d
ni
tr
at
e
co
nt
en
ts
of
ab
ou
t
8‘
ﬁg
/l
.
Th
is
wa
te
r
wa
s
ob
se
rv
ed
to
be
a
qu
an
ti
ta
ti
ve
ly
si
gn
-
if
ic
an
t
co
nt
ri
bu
to
r
to
th
e
st
or
m
fl
ow
an
d
wa
s
is
ot
op
ic
al
ly
de
te
rm
in
ed
to
be
ap
pr
ox
im
at
el
y
70
%
gr
ou
nd
wa
te
r.
In
vi
ew
of
th
e
le
ss
er
ni
tr
at
e
con
cen
tra
tio
ns
in
ove
rla
nd
fle
w
fro
m o
the
r
are
as
(3
to
6
mg/
l.
the
hig
h
ni
tr
at
e
in
the
ti
le
dr
ai
n
sa
mp
le
(63
mg
/l
),
an
d
th
e
hi
gh
st
or
m
fl
ow
ni
tr
at
e
in
th
e
St
re
am
(6
t0
9
wa
ll
,
th
e
fo
ll
ow
in
g
sc
en
ar
io
is
su
gg
es
te
d.
. S
tor
m
run
off
con
tri
but
ion
s
on
Apr
il
25
con
sis
ted
pri
mar
ily
0f
gro
und
wat
er
dis
cha
rge
d a
s v
ari
abl
e s
our
ce
are
a-o
ver
lan
d f
low
and
gro
und
wat
er
dis
cha
rge
thr
oug
h/a
nd
jus
t a
bov
e
the
str
eam
cha
nne
l.
The
for
mer
sou
rce
of
gro
und
wat
er
att
ain
ed
hig
h n
itr
ate
con
cen
tra
tio
ns
by
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flushing
out
nitrates
from
the
shallow
soil
zones
or
by
having
initially
high
nitrate
contents.
The
latter
source
of
groundwater
maintained
its
lower
nitrate
content
as
the
near—stream
areas
are
generally
not
fertilized.
The
rest
of
the
overland
flow
was
generated
as
partial
area-
overland
flow
and
was
mostlyof
event
water
origin.
Having
a
less
int—
imate
contact
with
the
shallow
subsurface
soil
zones,
and
a
lower
initial
concentration
of
nitrate,
its
nitrate
content
remained
fairly
low.
The
contribution
of
partial
area—overland
flow
was
observed
to
be
quantitatively
much
smaller
than
the
variable
area—overland
flow
generated
by
the
ground—
water.
The
tile
drain
sample
showed
that
extremely
high
nitrate
concen—
trations
exist
in
the
shallow
subsurface
suggesting
that
the
variable
area-overland
flow
could
have
conceivably
been
much
higher
in
nitrate
content
had
it
not
been
diluted
by
the
rainwater.
As a result of the large variable area—overland flow ground-
 
water
contributes
the
stream
attained
high
nitrate
contributions
during
storm runoff.
Because the relative proportions of groundwater from the
variable area—overland flow and from the near-stream area are not known,
one cannot employ the isotope technique to quantify the nitrate concentra-
tion in the event water.
The isotope technique, however, has added
valuable insight into the mechanism of nitrate contributions to the stream
f
o
r
t
h
i
s
r
u
n
o
f
f
e
v
e
n
t
.
4
.
5
.
5
R
a
i
n
E
v
e
n
t
-
M
a
y
4
,
1
9
7
7
On May 4, 1977, 17 mm of rain fell on the basin producing a
distinct
yet
rounded
runoff
hydrograph.
The reCession coefficient for May 3, 0.74, indicates that the &
Stream was still falling fairly rapidly and possibly was not quite at
  g
 b
a
s
e
f
l
o
w
d
i
s
c
h
a
r
g
e
.
E
v
a
p
o
t
r
a
n
s
p
i
r
a
t
i
o
n
,
a
l
t
h
o
u
g
h
s
t
i
l
l
i
n
s
i
g
n
i
f
i
c
a
n
t
,
had begun.
I
s
o
t
o
p
i
c
a
n
d
c
h
e
m
i
c
a
l
d
a
t
a
a
r
e
a
v
a
i
l
a
b
l
e
f
o
r
t
h
i
s
s
t
o
r
m
.
A
n
u
m
b
e
r
o
f
g
e
n
e
r
a
l
o
b
s
e
r
v
a
t
i
o
n
s
p
e
r
t
a
i
n
i
n
g
to
t
h
e
p
h
y
s
i
c
a
l
r
e
s
p
o
n
s
e
o
f
th
e
wa
te
rs
he
d
ca
n
be
ma
de
.
1.
Di
st
in
ct
gr
ou
nd
wa
te
r
an
d
st
re
am
hy
dr
og
ra
ph
s
we
re
re
co
rd
ed
(F
ig
ur
e
9)
.
2.
Th
e
hy
dr
au
li
c
he
ad
in
th
e
gr
ou
nd
wa
te
r
sy
st
em
re
ma
in
ed
we
ll
ab
ov
e
st
re
am
st
ag
e
ev
en
at
pe
ak
di
sc
ha
rg
e
(F
ig
ur
e
9)
.
3.
Gr
ou
nd
wa
te
r
ne
ar
th
e
st
re
am
re
sp
on
de
d
qu
ic
kl
y
to
th
e
ev
en
t
(F
ig
ur
e
9)
.
4.
Th
e
hy
dr
au
li
c
gr
ad
ie
nt
be
tw
ee
n
GW
W
an
d
th
e
st
re
am
de
cr
ea
se
d
fr
om
12
.3
cm
/L
at
bas
efl
ow
to
11.
5 c
m/L
at
pea
k d
isc
har
ge,
a c
han
ge
of
7%.
5. No overland flow was observed.
6.
The
hyd
rog
rap
hs
for
GWW
and
the
str
eam
pea
ked
alm
ost
sim
ult
ane
ous
ly.
The
oxy
gen
-18
val
ue
of
the
rai
n w
as
sui
tab
le
for
iso
top
e m
ass
balance separation of the stream hydrograph. Baseflow prior to the storm
was —7.7o/006018 while the weighted average rain value was -5.4O/oo. At
peak discharge, the groundwater could be determined to within i132.
A number of general observations can be made regarding the
isotopic and chemical behaviour of the system in response to the storm.
1. The baseflow oxygen-l8 and conductivity values were slightly
diluted by the rain event (Figure 9).
2. Peak dilution of oxygen-18 and conductivity preceded peak
discharge by approximately four hours (Figure 9).
3. Nitrate concentrations in the stream fluctuated erratically
however there seems to be a dilution trend coincident with the
oxygen—18
and
conductivity
dilutions
(Figure
9).
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The
hydrograph
separations
by
all
three
methods
give
large
groundwater
components
of
peak
and
total
discharge
(Figure
10).
At
peak
discharge,
groundwater
contributed
91%
of
the
water
(isotope
technique)
to
82%
(graphical)
and
80%
(rating
curve—GWW).
The
total
rain
on
the
basin,
19
X
103
m3,
produced
2300
m3
of
excess
runoff,
a
storm
yield
of
12%.
The
required
width
of
a
strip
of
land
which
would
totally
convert
the
event
component
to
runoff
would
be
from
20
(for
the
isotope
method)
to
45
metres
(for
the
rating
curve).
Based
on
the
variations
in
hydraulic
gradient
between
GWW
and
the
stream
and
applying
equation [7],
the
area
discharging
groundwater
at
peak
discharge
was
3
times
larger
than
the
area
discharging
groundwater
b
e
f
o
r
e
t
h
e
s
t
o
r
m
.
The
fluctuations
in nitrate
concentrations
of
the
stream prior
 
to,
during,
and
after
the
storm
make
it
difficult
to
estimate
an
average
baseflow
nitrate
value.
Therefore
the
calculation
of
the
nitrate
concen-
tration
in
the
event
component
is
also
difficult.
It is suggested that overland flow due to the event water was
insignificant.
This theory is based on several observations, namely:
there was no observed overland flow; the oxygen—18 value of the stream
was diluted only slightly; oxygen-18 and conductivity dilutions in the
stream preceded peak dishcarge indicating that channel precipitation
probably caused the dilution; and a plot of oxygen—l8 versus conductivity
for the stream (Figure 11) indicates a simple two component (rain and
and groundwater baseflow) mixing.
qt
In summary, storm runoff on May 4 was generated mainly by
Channel precipitation and near—stream groundwater discharge directly
into the channel bed or just above it (through a seepage face). Nitrate
contributions to the stream were made only by these components (about
  ¥
  
6
.
5
m
g
/
Q
b
y
t
h
e
g
r
o
u
n
d
w
a
t
e
r
a
n
d
0
.
5
m
g
/
1
b
y
t
h
e
c
h
a
n
n
e
l
p
r
e
c
i
p
i
t
a
t
i
o
n
)
y
i
e
l
d
i
n
g
s
t
r
e
a
m
n
i
t
r
a
t
e
v
a
l
u
e
s
w
h
i
c
h
f
l
u
c
t
u
a
t
e
d
b
e
t
w
e
e
n
4
a
n
d
7
m
g
/
l
.
4
.
5
.
6
R
a
i
n
E
v
e
n
t
o
n
J
u
n
e
6,
1
9
7
7
In
t
h
e
e
a
r
l
y
m
o
r
n
i
n
g
h
o
u
r
s
of
J
u
n
e
6,
1
9
7
7
,
a
p
p
r
o
x
i
m
a
t
e
l
y
38
m
m
of
r
a
i
n
f
e
l
l
o
n
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e
b
a
s
i
n
i
n
l
e
s
s
t
h
a
n
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o
h
o
u
r
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T
h
e
b
a
s
i
n
w
a
s
q
u
i
t
e
dr
y
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i
o
r
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th
e
s
t
o
r
m
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d
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a
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e
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l
o
w
c
o
n
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i
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i
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r
e
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i
l
e
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E
v
a
p
o
t
r
a
n
s
p
i
r
a
t
i
o
n
ef
fe
ct
s
al
on
g
th
e
st
re
am
ba
nk
we
re
qu
it
e
si
gn
if
ic
an
t
at
th
e
ti
me
.
Ve
ry
pr
om
in
en
t
hy
dr
og
ra
ph
s
we
re
pr
od
uc
ed
by
th
e
st
or
m
at
GW
W,
H4
4W
T8
,
an
d
in
th
e
st
re
am
.
Do
ub
le
pe
ak
s
ar
e
pr
es
en
t
in
ea
ch
of
th
e
hy
dr
og
ra
ph
s.
Co
nd
uc
ti
vi
ty
is
ot
op
e
an
d
ni
tr
at
e
da
ta
ar
e
av
ai
la
bl
e
on
ly
fo
r
th
e
time following the second peak.
A
nu
mb
er
of
ge
ne
ra
l
ob
se
rv
at
io
ns
ca
n
be
ma
de
re
ga
rd
in
g
th
e
physical response of the system.
1.
Si
gn
if
ic
an
t
an
d
di
st
in
ct
hy
dr
og
ra
ph
s
we
re
re
co
rd
ed
fo
r
the stream and groundwater (Figure 12)-
2.
A r
eve
rsa
l o
f h
ydr
aul
ic
gra
die
nt
occ
urr
ed
bri
efl
y
(ab
out
15
min
ute
s d
ura
tio
n)
cau
sin
g t
he
str
eam
to
bec
ome
inf
lue
nt
for
the
onl
y
time during the entire study period (Figure 12).
3. The near-stream groundwater system responded quickly to
the storm (Figure 12).
4.
Sig
nif
ica
nt
ove
rla
nd
flo
w w
as
obs
erv
ed
ema
nat
ing
fro
m t
he
low
area
on R
oger
Verb
eke'
s fa
rm.
Othe
r t
radi
tion
al o
verl
and
flow
sour
ces
were also noted to be productive.
5.
The
sec
ond
pea
k i
n t
he
hyd
rog
rap
h w
as
sma
lle
r t
han
the
fir
st
for the stream and H44WT8 but larger than the first at GWW.
The storm was a poor one for the application of the oxygen—18
ul8
hydrograph separation technique. Baseflow prior to the storm was «6.80/0069
 A
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e
r
v
a
t
i
o
n
s
o
f
t
h
e
i
s
o
t
o
p
i
c
a
n
d
c
h
e
m
i
c
a
l
r
e
s
p
o
n
s
e
o
f
t
h
e
w
a
t
e
r
s
h
e
d
c
a
n
b
e
m
a
d
e
.
1.
A
t
h
i
g
h
d
i
s
c
h
a
r
g
e
s
,
t
h
e
o
x
y
g
e
n
—
l
8
v
a
l
u
e
o
f
t
h
e
s
t
r
e
a
m
a
p
p
r
o
a
c
h
e
d
t
h
e
r
a
i
n
v
a
l
u
e
a
n
d
c
o
n
d
u
c
t
i
v
i
t
y
w
a
s
r
e
d
u
c
e
d
s
i
g
n
i
f
i
c
a
n
t
l
y
f
r
o
m
b
a
s
e
f
l
o
w
(
W
5
0
2
)
.
O
x
y
g
e
n
—
1
8
a
n
d
c
o
n
d
u
c
t
i
v
i
t
y
r
a
p
i
d
l
y
c
h
a
n
g
e
d
t
o
w
a
r
d
t
h
e
b
a
s
e
f
l
o
w
v
a
l
u
e
s
at
f
i
r
s
t
b
u
t
j
us
t
b
e
f
o
r
e
r
e
a
c
h
i
n
g
them,
the
r
a
t
e
o
f
change
slowed
considerably.
Nitrate
in
the
stream
apparently
had
concentrations
similar
to
the
overland
flow
at
peak
discharge
(4
to
5
mg/l)
but
concentrations
of
0.00
mg/l
were
reached
before
climbing
to
10
mg/l
as
the
discharge
subsided
(Figure
13).
2.
The
overland
flow
from
the
low
area
on
Verbeke's
property
had
rain—like
oxygen—18
(—7.80/oo)
and
a
conductivity
(238
uS)
closer
to
 
the
r
a
i
n
(
<
l
O
O
pS)
t
h
a
n
to
the
g
r
o
u
n
d
w
a
t
e
r
(>600
HS).
T
h
e
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
of
this
overland
flow
(4.5
mg/l)
was
similar
to
that
o
f
t
h
e
l
o
c
a
l
p
e
a
k
d
i
s
c
h
a
r
g
e
(
4
.
2
m
g
/
l
)
-
3. The groundwater discharge into the streambed remained fairly
constant.
Piezometers A and B (open 1.30 m and 2.00 m below the streambed)
changed
from
-8.3 and
-8.80/oo
on
June
1 to -8.1
and —8.2°/oo
on
June
11.
‘
Groundwater contributions to the first runoff peak were small.
The groundwater stage—groundwater discharge rating curve method yielded
29% (for GWW) to 4% groundwater (for H44WT8) in peak discharge. For the
Second peak, groundwater contributed 58, 33, 20 and 7% to peak discharge
for the rating curve (GWW and H44WT8), isotope, and graphical techniques,
r
e
s
p
e
c
t
i
v
e
l
y
(
F
i
g
u
r
e
1
4
)
-
The reversal in hydraulic gradient and the breaks in the stream
conductivity trends (Figure 13) suggest that bank storage occurred during
t
h
e
e
v
e
n
t
.
k
  
 42
Fi
gu
re
15
is
a
pl
ot
of
ox
yg
en
—l
8
ve
rs
us
co
nd
uc
ti
vi
ty
in
th
e
st
re
am
fr
om
th
e
se
co
nd
di
sc
ha
rg
e
pe
ak
to
ba
se
fl
ow
di
sc
ha
rg
e.
Th
re
e
di
st
in
ct
ph
as
es
in
th
e
pl
ot
ca
n
be
re
co
gn
iz
ed
.
Th
es
e
ph
as
es
ar
e
al
so
ap
pa
re
nt
in
Fi
gu
re
13
.
Ph
as
e
I
is
ch
ar
ac
te
ri
ze
d
by
a
ra
pi
d
ch
an
ge
fr
om
pe
ak
fl
ow
c
o
n
d
u
c
t
i
v
i
t
y
t
o
w
a
r
d
b
a
s
e
f
l
o
w
c
o
n
d
u
c
t
i
v
i
t
y
w
h
i
l
e
o
x
y
g
e
n
-
l
8
i
n
t
h
e
s
t
r
e
a
m
r
e
m
a
i
n
e
d
a
t
t
h
e
p
e
a
k
f
l
o
w
v
a
l
u
e
.
H
y
d
r
a
u
l
i
c
g
r
a
d
i
e
n
t
s
b
e
t
w
e
e
n
G
W
W
a
n
d
t
h
e
s
t
r
e
a
m
a
n
d
H
4
4
T
W
8
a
n
d
t
h
e
s
t
r
e
a
m
w
e
r
e
l
e
s
s
t
h
a
n
t
h
e
b
a
s
e
f
l
o
w
h
y
d
r
a
u
l
i
c
g
r
a
d
i
e
n
t
s
.
P
h
a
s
e
I
I
i
n
v
o
l
v
e
s
a
l
e
s
s
r
a
p
i
d
t
r
e
n
d
t
o
w
a
r
d
b
a
s
e
f
l
o
w
c
o
n
d
u
c
t
-
i
v
i
t
y
u
n
t
i
l
b
a
s
e
f
l
o
w
c
o
n
d
u
c
t
i
v
i
t
y
is
r
e
a
c
h
e
d
as
o
x
y
g
e
n
—
1
8
i
n
t
h
e
s
t
r
e
a
m
s
l
o
w
l
y
a
p
p
r
o
a
c
h
e
s
i
t
s
b
a
s
e
f
l
o
w
v
a
l
u
e
.
T
h
e
h
y
d
r
a
u
l
i
c
g
r
a
d
i
e
n
t
s
n
e
a
r
t
h
e
s
t
r
e
a
m
ar
e
g
r
e
a
t
e
r
t
h
a
n
”o
r
eq
ua
l
to
th
e
b
a
s
e
f
l
o
w
g
r
a
d
i
e
n
t
s
d
u
r
i
n
g
th
is
ph
as
e.
In
Ph
as
e
II
I,
co
nd
uc
ti
vi
ty
an
d
ox
yg
en
—l
8
ha
ve
st
ab
il
iz
ed
at
th
ei
r
ba
se
fl
ow
va
lu
es
an
d
ba
se
fl
ow
di
sc
ha
rg
e
le
ve
ls
ar
e
re
st
or
ed
.
Pl
ot
s
re
la
ti
ng
th
e
st
re
am
co
nd
uc
ti
vi
ty
to
di
sc
ha
rg
e
an
d
st
re
am
ox
yg
en
—l
8
di
sc
ha
rg
e
fo
r
th
e
re
ce
ss
io
n
po
rt
io
n
of
th
e
st
or
m
hy
dr
og
ra
ph
ar
e
gi
ve
n
in
Fi
gu
re
16
(t
he
co
nd
uc
ti
vi
ty
cu
rv
e
se
em
s
sm
oo
th
er
th
an
th
e
ox
yg
en
-1
8
be
ca
us
e
of
th
e
sm
oo
th
er
cu
rv
e
it
gi
ve
s
in
Fi
gu
re
13
).
Th
es
e
pl
ot
s
ar
e
si
mi
la
r
to
th
e
te
ch
ni
qu
e
fo
un
d
in
Na
ka
mu
ra
(1
97
1)
to
se
pa
ra
te
st
or
m
hydrographs into their components.
Ac
co
rd
in
g
to
Na
ka
mu
ra
,
di
sc
ha
rg
e
in
Ph
as
e
I
of
Fi
gu
re
16
wo
ul
d
be
due
to
wat
er
fro
m o
ver
lan
d f
low
,
cha
nne
l p
rec
ipi
tat
ion
,
int
erf
low
,
and
grou
ndwa
ter.
Inte
rflo
w in
the
Hill
man
Cree
k ba
sin
is p
roba
bly
neg
lig
ibl
e d
ue
to
the
hig
h p
erm
eab
ili
tie
s a
nd
low
gra
die
nts
in
the
bas
in.
Bank
stor
age,
howe
ver,
prob
ably
cont
ribu
ted
to P
hase
I as
the
stre
am w
as
influent just a short time before. The peak discharge-type oxygen—18
during Phase I is also indicative of bank storage. Phase II then, is
probably due to bank storage and groundwater and Phase III is due only to
groundwater.
 Q
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While
the
gentle
slopes
and
high
hydraulic
conductivities
in
the
watershed
preclude
significant
amounts
of
interflow,
the
reversal
of
hydraulic
gradients
and
slow
return
to
baseflow
oxygen—18
and
conductivity
imply
that
bank
storage
occurred.
The
water
in
bank
storage
would
be
'
similar
to
peak
discharge
in
oxygen—l8
but
may
obtain
a higher
conductivity
due
to
a
longer
and
more
intimate
contact
with
the
subsurface.
These
characteristics
could
account
for
the
slow
progression
toward
baseflow
oxygen—18 and conductivity.
The
nitrate
history
of
the
stream
runoff
also
suggests
that
bank
storage
occurred.
The
first
nitrate
analysis
in
Figure
13
is
representative
of
the
peak
discharge
for
the
second
peak.
It
is
similar
to
the
overland
flow
sample
taken
at
the
same
time.
As
the
stage
sub—
 
sided,
bank
stored
water
from
the
first
peak
stage
discharged.
It
is assumed that this water was also low in nitrate and this is ref-
lected in the very low nitrate concentration in the stream.
As the
stream became more effluent and groundwater again dominated the
hydrograph, high nitrate values (10 mg/l) appeared in the stream.
These high nitrate values in the stream suggest that not only near—
stream groundwater, but also (some high nitrate) variable area—overland
flow discharged groundwater, were contributing to the stream.
Approximately 2.7 X 104 m3 of rain fell on the basin producing
2-6 X 102 m3 of excess runoff, a storm yield of 1%. Based on the hydrograph
SEparations using the groundwater stage-groundwater discharge rating curve
for CNN; an area the length of the stream and 3 m wide could have produced
the calculated overland flow if the storm yield for the strip was 100%.
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I
n
s
u
m
m
a
r
y
,
t
h
e
J
u
n
e
6
s
t
o
r
m
r
u
n
o
f
f
w
a
t
e
r
w
a
s
c
o
m
p
r
i
s
e
d
l
a
r
g
e
l
y
o
f
e
v
e
n
t
w
a
t
e
r
i
n
t
h
e
f
i
r
s
t
p
e
a
k
a
n
d
a
b
o
u
t
e
q
u
a
l
a
m
o
u
n
t
s
o
f
p
r
e
—
e
v
e
n
t
a
n
d
e
v
e
n
t
w
a
t
e
r
i
n
t
h
e
s
e
c
o
n
d
p
e
a
k
.
T
h
e
h
i
g
h
i
n
t
e
n
s
i
t
y
,
s
h
o
r
t
d
u
r
a
t
i
o
n
s
t
o
r
m
i
n
i
t
i
a
l
l
y
i
n
d
u
c
e
d
p
a
r
t
i
a
l
—
a
r
e
a
o
v
e
r
l
a
n
d
f
l
o
w
f
r
o
m
t
h
e
V
e
r
b
e
k
e
f
a
r
m
l
o
w
a
r
e
a
r
a
t
h
e
r
t
h
a
n
p
r
o
d
u
c
i
n
g
v
a
r
i
a
b
l
e
—
a
r
e
a
o
v
e
r
l
a
n
d
f
l
o
w
.
T
h
e
d
r
y
p
r
e
—
s
t
o
r
m
c
o
n
d
i
t
i
o
n
s
p
r
o
b
a
b
l
y
c
o
n
t
r
i
b
u
t
e
d
t
o
t
h
i
s
t
y
p
e
o
f
r
e
s
p
o
n
s
e
.
A
l
t
h
o
u
g
h
t
h
e
n
e
a
r
-
s
t
r
e
a
m
g
r
o
u
n
d
w
a
t
e
r
r
e
s
p
o
n
s
e
w
a
s
b
o
t
h
r
a
p
i
d
a
n
d
l
a
r
g
e
,
t
h
e
s
t
r
e
a
m
s
t
a
g
e
m
o
m
e
n
t
a
r
i
l
y
e
x
c
e
e
d
e
d
t
h
e
g
r
o
u
n
d
w
a
t
e
r
s
t
a
g
e
a
n
d
b
a
n
k
s
t
o
r
a
g
e
o
c
c
u
r
r
e
d
.
T
h
e
r
e
v
e
r
s
e
d
g
r
a
d
i
e
n
t
s
p
e
r
s
i
s
t
e
d
o
n
l
y
f
o
r
a
s
h
o
r
t
t
i
m
e
,
a
f
t
e
r
w
h
i
c
h
t
h
e
s
t
r
e
a
m
a
g
a
i
n
b
e
c
a
m
e
e
f
f
l
u
e
n
t
.
T
h
e
w
a
t
e
r
s
t
o
r
e
d
a
s
b
a
n
k
s
t
o
r
a
g
e
i
n
f
l
u
e
n
c
e
d
t
h
e
i
s
o
t
o
p
i
c
a
n
d
c
h
e
m
i
c
a
l
n
a
t
u
r
e
o
f
t
h
e
s
t
r
e
a
m
a
s
i
t
r
e
t
u
r
n
e
d
o
t
b
a
s
e
f
l
o
w
.
H
i
g
h
n
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
t
h
e
s
t
r
e
a
m
o
c
c
u
r
r
e
d
o
n
l
y
a
f
t
e
r
g
r
o
u
n
d
w
a
t
e
r
r
e
—
e
s
t
a
b
l
i
s
h
e
d
i
t
s
e
l
f
a
s
t
h
e
m
a
j
o
r
c
o
m
p
o
n
e
n
t
o
f
s
t
r
e
a
m
dishcarge.
4
.
6
R
u
n
o
f
f
E
v
e
n
t
s
o
n
U
p
p
e
r
E
a
s
t
a
n
d
U
p
p
e
r
W
e
s
t
C
a
n
a
g
a
g
i
g
u
e
C
r
e
e
k
s
O
n
l
y
a
f
e
w
f
a
v
o
u
r
a
b
l
e
e
v
e
n
t
s
w
e
r
e
m
o
n
i
t
o
r
e
d
f
o
r
U
p
p
e
r
E
a
s
t
a
n
d
U
p
p
e
r
W
e
s
t
C
a
n
a
g
a
g
i
g
u
e
C
r
e
e
k
s
d
u
r
i
n
g
t
h
e
s
p
r
i
n
g
o
f
1
9
7
7
.
S
e
v
e
r
a
l
f
a
c
t
O
r
S
c
o
n
t
r
i
b
u
t
e
d
t
o
t
h
i
s
s
i
t
u
a
t
i
o
n
.
M
a
r
c
h
,
A
p
r
i
l
,
a
n
d
M
a
y
w
e
r
e
f
a
i
r
l
y
d
r
y
m
o
n
t
h
s
w
i
t
h
f
e
w
s
t
o
r
m
s
(
5
2
m
m
r
a
i
n
i
n
A
p
r
i
l
,
6
9
m
m
i
n
M
a
r
c
h
c
o
m
p
a
r
e
d
t
o
1
3
5
a
n
d
7
6
m
m
a
t
H
i
l
l
m
a
n
C
r
e
e
k
)
.
O
f
t
h
e
s
t
o
r
m
s
w
h
i
c
h
d
i
d
o
c
c
u
r
,
m
o
s
t
w
e
r
e
o
f
l
o
w
i
n
t
e
n
s
i
t
y
a
n
d
l
o
n
g
d
u
r
a
t
i
o
n
,
t
w
o
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
w
h
i
c
h
re
nd
er
ed
th
e
is
ot
op
e
te
ch
ni
qu
e
di
ff
ic
ul
t
to
us
e.
Di
sc
ha
rg
e
da
ta
on
th
e
ea
st
br
an
ch
is
qu
es
ti
on
ab
le
as
th
e
re
co
rd
er
wa
s
in
op
er
ab
le
le
av
in
g
on
ly
is
ol
at
ed
st
af
f
ga
ug
e
me
as
ur
em
en
ts
fo
r
di
sc
ha
rg
e.
Th
e
wi
de
sp
re
ad
pr
ac
ti
ce
of
ti
le
dr
ai
na
ge
in
th
e
Ca
na
ga
gi
gu
e
Cr
ee
k
wa
te
rs
he
ds
in
tr
od
uc
es
po
ss
ib
le
er
ro
rs
in
to
th
e
ni
tr
at
e
fl
ux
ca
l—
cu
la
ti
on
s
du
ri
ng
hi
gh
ru
no
ff
pe
ri
od
s.
Th
e
ti
le
dr
ai
ns
,
wh
ic
h
co
ul
d
co
n-
+
-
J
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ceivably
carry
large
volumes
of
high
nitrate
shallow
groundwater
during
periods
of
high
runoff,
would
probably
carry
much
less,
if
any,
of
the
high
nitrate
discharge
during
low
flow
periods.
Some
of
the
assumptions
made
previously;
that
baseflow
nitrate
can
be
used
to
approximate
the
nitrate
content
of
discharging
groundwater
and
that
this
level
of
nitrate
concentration
remains
constant
throughout
a
runoff
event,
could
easily
become invalid in these basins.
As
a
result
of
these
problems,
the
calculated
nitrate
fluxes
for
the
Upper
East
and
Upper West
Canagagigue
Creeks
are somewhat
less
clear-
cut
than
the
presented
results
would
indicate.
4.6.1
Snowmelt Runoff on Upper East Canagagigue Creek — March 7
Between March 7 and March 11, the Upper East Canagagigue Creek
basin lost the majority of its snow cover by melting. The creek remained
open and running throughout this period. Considerable quantities of
 
overland flow, especially along roadsides and in unforested areas, were
observed. As the surface soils were still frozen and infiltration capacity
limited, overland flow was not unexpected.
Stream discharge data for the event was limited by a non-
functioning stage recorded to a number of staff gauge measurements.
Low
tem
per
atu
res
on
Mar
ch
7 p
rod
uce
d l
itt
le
sno
wme
lt.
Oxy
gen
—18
' o
in the stream was characteristic of baseflow conditions (-lO.8 to -ll.2 /00)-
Nit
rat
e c
onc
ent
rat
ion
s w
ere
als
o i
ndi
cat
ive
of
bas
efl
ow
dis
cha
rge
(1.5
to
2.6
mg/
£ N
O3-
-N)
(Ta
ble
10)
.
Dis
cha
rge
at
10:
30
Mar
ch
7 w
as
app
rox
ima
tel
y
0.12 m3/s.
Sn
ow
an
d
sn
ow
me
lt
sa
mp
le
s
we
re
co
ll
ec
te
d
da
il
y
fr
om
Ma
rc
h
8
to M
arch
10 f
rom
the
samp
ling
site
s sh
own
in F
igur
e 17
. S
nowm
elt
samp
les
consistently had heavier 6018 values than the nearby snow (Table ll)- This
fin
din
g p
rom
pte
d t
he
cho
ice
of
the
sno
wme
lt
oxy
gen
-18
val
ue
for
the
iso
top
e
h
y
d
r
o
g
r
a
p
h
s
e
p
a
r
a
t
i
o
n
s
r
a
t
h
e
r
th
an
sn
ow
va
lu
es
.
  
 O
n
M
a
r
c
h
8
,
t
h
e
s
n
o
w
o
x
y
g
e
n
—
1
8
r
a
n
g
e
d
b
e
t
w
e
e
n
—
2
3
.
6
a
n
d
-
1
6
.
1
0
/
o
o
w
h
i
l
e
t
h
e
s
n
o
w
m
e
l
t
r
a
n
g
e
d
b
e
t
w
e
e
n
—
l
l
.
7
a
n
d
-
l
4
.
7
O
/
o
o
.
T
h
e
s
t
r
e
a
m
s
a
m
p
l
e
s
h
a
d
o
x
y
g
e
n
—
1
8
v
a
l
u
e
s
n
e
a
r
t
h
e
b
a
s
e
f
l
o
w
m
a
r
k
(
—
1
1
.
1
0
/
0
0
t
o
—
l
l
.
3
O
/
o
o
)
.
N
i
t
r
a
t
e
i
n
t
h
e
s
t
r
e
a
m
i
n
c
r
e
a
s
e
d
f
r
o
m
1
.
8
m
g
/
l
a
t
0
0
:
4
5
t
o
3
.
1
n
g
/
l
a
t
1
6
:
4
5
t
h
e
n
d
e
c
r
e
a
s
e
d
t
o
2
.
5
m
g
/
l
b
y
2
2
:
4
5
.
S
n
o
w
m
e
l
t
r
u
n
o
f
f
w
a
s
o
b
s
e
r
v
e
d
t
o
b
e
r
e
s
t
r
i
c
t
e
d
t
o
r
o
a
d
s
i
d
e
s
.
O
n
M
a
r
c
h
9
,
w
a
r
m
t
e
m
p
e
r
a
t
u
r
e
s
a
n
d
s
u
n
n
y
s
k
i
e
s
c
o
u
p
l
e
d
t
o
p
r
o
d
u
c
e
c
o
n
s
i
d
e
r
a
b
l
e
m
e
l
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The
stream
oxygen—18
content
shifted
toward
the
snowmelt
value.
At
01:20,
the
stream
had
—12.30/00
6018
(discharge
of
approximately
0.5
m3/s)
but
at
21:50,
a
value
of
—14.00/00,
the
average
snowmelt
value
on
March
10,
was
found
in
the
stream
(discharge
of
approximately
2.4
m3/s.
During
this
time,
conductivity
decreased
by
26%
from
555
uS
to 412
us
and
nitrate
increased
by
100%
from
2.9
to
5.9
mg/i.
Overland
flow
essentially
stopped
by
19:00
as
the
air
temperatures
decreased
and
darkness
approached.
Stream
samples
taken
at
08:00
and
09:00
on
March
11
had
oxygen—18
values
of
—14.1
and
—l3.8O/oo,
respectively,
a
conductivity
of
about
468
uS,
and
approximately
6.1
mg/K N03--N.
Stream discharge was
about
1 m3/s.
Overland
flow
was
not evident
at
the
time.
1
The temporal variations in the stream oxygen—18 conductivity,
 
nitrate, and stream discharge are given in Figure 18.
These and other
relevant
analyses are
listed
in Tables
10 and
11.
Trends toward the snowmelt oxygen-18, lower conductivities,
and higher nitrate values in the stream are associated with higher
discharges. The hydrograph separation of the snowmelt runoff event using
-l4
.0/
oo
601
8 f
or
the
eve
nt
com
pon
ent
(sn
owm
elt
) a
nd
-11
.20
/00
601
8 f
or
the pre—event component (baseflow/groundwater) is illustrated in Figure 18.
Peak discharge on March 10 had a negligible groundwater component but
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und
wat
er
was
dom
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in
the
run
off
on
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ch
7,
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nd
9.
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to
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e
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es
we
re
ca
lc
ul
at
ed
from the following equations:
t
TOTAL NITRATE FLUX = / 2QtNtdt [10]
t1
EVENT WATER _ t2
NITRATE FLUX ‘ / QeNedt [ll]
1:1
 
—where:
Qt, Nt, Qe, Ne are as defined previously, t1 and t2
are the
beginning and end of the study period, respectively; J/ is the integration
symbol, and dt is the derivative of time (Table 12).
Approximately 780 kg. of NO3_—N were discharged past the
gauging station in the period between 01:00 March 10 and 08:00 March 11.
Of this flux, 88% or about 690 kg, were provided by the event water discharge.
The peak nitrate flux rate of about 14 gm/s occurred at approximately
21:00 March 10. In contrast, baseflow nitrate flux is about 3 gm/s.
Figure 21 demonstrates the relationshipsttween oxygen-l8
conductivity, and nitrate in the stream with stream stage. Oxygen—18
approached the snowmelt value of -l4.00/oo, conductivity decreased mark-
edly, and nitrate concentrations almost doubled as the stream stage in—
creased. When the stream stage began to subside, however, oxygen-18 and
 
nitrate (and to a lesser extent, conductivity) remained at the peak stage
values. One explanation for the temporary stabilization of oxygen-18 and
nitrate at the peak stage values could be that the high stream stage
ind
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st
br
an
ch
.
Do
ub
le
pe
ak
s
in
bo
th
of
th
e
di
sc
ha
rg
e
hy
dr
og
ra
ph
s
ar
e
pr
ob
ab
ly
in
re
sp
on
se
to
th
e
ti
me
di
st
ri
bu
ti
on
of
th
e
pr
ec
ip
it
at
io
n
(F
ig
ur
es
22
an
d
23
).
Th
e
th
ir
d
di
sc
ha
rg
e
pe
ak
in
Fi
gu
re
23
is
m
o
s
t
l
i
k
e
l
y
t
h
e
r
e
s
u
l
t
o
f
th
e
d
a
i
l
y
s
n
o
w
m
e
l
t
p
e
a
k
f
o
r
M
a
r
c
h
29
_
B
e
c
a
u
s
e
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of
the
complexities
which
arise
when
dealing
with
two
event
components
(snowmelt
and
rain),
analyses
of
the
hydrograph
and
water
samples
are
restricted
to
the
time
before
the
third
peak.
The
temporal
variations
in oxygen—18,
nitrate,
and
conductivity
in
response
to
the
storm are
given
in Figures
22
(east branch)
and
23
(west branch).
Nitrate concentration increased by 68% in the east
branch and by 83% in the west branch.
Conductivity decreased by 8% in
the east branch and by 21% in the west branch.
Oxygen—18 was diluted
by 4% in the east branch and by llZ in the west branch.
The weighted average rain oxygen—18 value of -5.lO/OO would
yield groundwater component accuracies of approximately i5 and t6Z for the
west and east branches, respectively.
 
Table 13 lists the measured responses of the near—stream
groundwater near the East Canagagigue gauge during the storm event.
All of.the piezometers indicated that the stream remained effluent
throughout the event (the stream staff gauge is located approximately
50 metres upstream from the piezometers, therefore the hydraulic heads
which would be deduced from Table 13 are somewhat higher than the actual
heads). Both the near and distant piezometers had similar responses.
As
all
the
nes
ts
are
loc
ate
d
on
the
fla
t
val
ley
bot
tom
nea
r
the
Cre
ek,
similar responses were not unexpected.
Th
e
hy
dr
og
ra
ph
se
pa
ra
ti
on
s
fo
r
th
e
st
re
am
s
ar
e
gi
ve
n
in
Fi
gu
re
s
22
(e
as
t)
an
d
23
(w
es
t)
.S
ep
ar
at
io
ns
we
re
ma
de
us
in
g
on
ly
th
e
in
di
vi
du
al
rai
n
sam
ple
val
ues
of
oxy
gen
-l8
.
In
all
cas
es,
gro
und
wat
er
was
the
do
mi
na
nt
ru
no
ff
co
mp
on
en
t.
Us
in
g
a s
ta
nd
ar
d
gr
ap
hi
ca
l
te
ch
ni
qu
e
for
the
we
st
br
an
ch
hy
dr
og
ra
ph
(F
ig
ur
e
24
),
th
e
fi
rs
t
an
d
se
co
nd
pe
ak
s
of
th
e
h
y
d
r
o
g
r
a
p
h
c
o
n
s
i
s
t
e
d
o
f
65
an
d
65
%
p
r
e
-
e
v
e
n
t
w
a
t
e
r
,
r
e
s
p
e
c
t
i
ve
l
y.
T
h
e
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i
s
o
t
o
p
e
t
e
c
h
n
i
q
u
e
w
i
t
h
t
h
e
i
n
d
i
v
i
d
u
a
l
r
a
i
n
v
a
l
u
e
s
r
e
s
u
l
t
e
d
i
n
8
8
a
n
d
8
6
%
p
r
e
-
e
v
e
n
t
w
a
t
e
r
i
n
t
h
e
s
e
p
e
a
k
s
.
T
h
e
n
i
t
r
a
t
e
f
l
u
x
h
y
d
r
o
g
r
a
p
h
s
f
o
r
t
h
e
s
t
r
e
a
m
s
a
r
e
g
i
v
e
n
i
n
F
i
g
u
r
e
s
2
5
(
e
a
s
t
)
a
n
d
2
6
(
w
e
s
t
)
.
B
e
t
w
e
e
n
1
1
:
0
0
M
a
r
c
h
2
8
a
n
d
1
2
:
0
0
M
a
r
c
h
2
9
,
a
p
p
r
o
x
i
m
a
t
e
l
y
8
6
0
k
g
.
o
f
N
0
3
_
—
N
w
e
r
e
e
x
p
o
r
t
e
d
f
r
o
mt
h
e
W
e
s
t
C
a
n
a
g
a
g
i
g
u
e
b
a
s
i
n
.
A
b
o
u
t
3
8
%
o
f
t
h
i
s
a
m
o
u
n
t
,
o
r
3
2
4
k
g
.
,
w
a
s
p
r
o
v
i
d
e
d
b
y
t
h
e
e
v
e
n
t
w
a
t
e
r
d
i
s
c
h
a
r
g
e
.
N
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
u
p
t
o
2
8
m
g
/
l
w
o
u
l
d
b
e
r
e
—
q
u
i
r
e
d
i
n
t
h
e
e
v
e
n
t
w
a
t
e
r
d
i
s
c
h
a
r
g
e
i
n
o
r
d
e
r
t
o
a
c
c
o
u
n
t
f
o
r
t
h
i
s
f
l
u
x
(
T
a
b
l
e
1
4
)
.
B
e
t
w
e
e
n
1
0
:
1
0
M
a
r
c
h
2
8
a
n
d
0
8
:
3
0
M
a
r
c
h
2
9
,
a
p
p
r
o
x
i
m
a
t
e
l
y
3
5
6
k
g
.
o
f
N
O
3
—
—
N
w
e
r
e
d
i
s
c
h
a
r
g
e
d
p
a
s
t
t
h
e
g
a
u
g
i
n
g
s
i
t
e
o
n
E
a
s
t
C
a
n
a
g
a
g
i
g
u
e
C
r
e
e
k
.
Of
t
h
i
s
f
l
ux
,
a
b
o
u
t
96
kg
.
o
r
27
%,
c
a
n
b
e
a
t
t
r
i
b
u
t
e
d
to
t
h
e
e
v
e
n
t
w
a
t
e
r
di
sc
ha
rg
e.
N
i
t
r
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
of
up
to
58
m
g
/
l
w
o
u
l
d
b
e
r
e
q
ui
r
e
d
in
th
e
ev
en
t
w
a
t
e
r
d
i
s
c
h
a
r
g
e
to
a
c
c
o
un
t
fo
r
th
e
c
a
l
c
u
l
a
t
e
d
e
xp
o
r
t
(Table 15).
A
b
o
ut
2.
2
X
10
5
m
3
of
r
a
i
n
f
e
l
l
on
th
e
W
e
s
t
C
a
n
a
g
a
g
i
g
u
e
b
a
s
i
n
du
ri
ng
th
e
st
or
m.
Ro
ug
hl
y
1.
7
X
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5
m3
ra
n
of
f
as
st
re
am
di
sc
ha
rg
e
of
wh
ic
h
ap
pr
ox
im
at
el
y
2.
3
X
10
4
m3
we
re
de
ri
ve
d
fr
om
ev
en
t
wa
te
r.
Th
e
vo
lu
me
of
ra
in
fa
ll
in
g
on
th
e
1.
8
km
2
of
bo
tt
om
la
nd
s
ad
ja
ce
nt
to
th
e
st
re
am
wa
s
ab
ou
t
2.
1
X
10
4
m3
.
Al
th
ou
gh
th
e
bo
tt
om
la
nd
s
an
d
sw
am
ps
in
th
e
ba
si
n
oc
cu
py
le
ss
th
an
10
%
of
th
e
to
ta
l
ba
si
n
ar
ea
,
th
ey
co
ul
d
ha
ve
de
li
ve
re
d
ne
ar
ly
91
%
of
th
e
ev
en
t
wa
te
r
di
sc
ha
rg
e
if
th
ey
ha
d
to
ta
ll
y
co
n-
ve
r
t
e
d
r
a
i
n
f
a
l
l
to
ru
no
ff
.
In
su
mm
ar
y,
th
is
lo
w
i
n
t
e
n
s
i
t
y
s
t
o
r
m
c
a
us
e
d
s
t
r
e
a
m
d
i
s
c
h
a
r
g
e
to
in
cr
ea
se
by
fa
ct
or
s
of
8
an
d
5
fo
r
th
e
we
st
an
d
ea
st
br
an
ch
es
,
re
sp
ec
ti
ve
ly
.
Th
e
we
st
br
an
ch
ex
pe
ri
en
ce
d
a
gr
ea
te
r
in
cr
ea
se
in
ni
tr
at
e
co
nc
en
tr
at
io
ns
(8
5%
ve
rs
us
68
%)
,
a
gr
ea
te
r
di
lu
ti
on
in
co
nd
uc
t-
iv
it
y
(2
1%
ve
rs
us
8%
),
an
d
a
gr
ea
te
r
ox
yg
en
-l
8
di
lu
ti
on
(1
1%
ve
rs
us
4%
)
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than
the
east
branch.
The
hydrograph
separations
made
by
the
isotope
technique
indicated
that
up
to
12%
event
water
was
present
in
the
first
peak
and
up
to
10%
in
the
second
peak
for
the
west
branch
but
there
was
never
more
than
5%
event
water
in
the
east
branch
runoff.
The
high
nitrate
concentrations
calculated
for
the
event
water
component (over 50 mg/l) may beover—estimates resulting from the assump—
tion that the pre—event component maintained constant nitrate values
during a storm.
If tile drain effluent during the event was quantitatively
significant and high in nitrate, the assumption just mentioned would
be invalid. Tile drain effluent in Hillman Creek was found to contain
63 mg/l nitrate during one runoff event. Although no samples of
drainage tile effluent were taken from the Canagagigue watersheds,
 
the Hillman Creek sample indicates that tile drains may have a considerable
effect on the nitrate flux in storm runoff.
4.6.3 Rain Event on West Canagagigue Creek, April 20-26, 1977
A sporadic and generally low intensity storm on April 22 and 23,
1977 dropped 19 mm. of rain on the West Canagagigue Creekbasin. The
basin was fairly dry prior to the storm (4 mm. in the seven days prior
to A
pril
22)
and
the
stre
am d
isch
arge
was
very
low.
Disc
harg
e in
the
str
eam
inc
rea
sed
fro
m 0
.03
to
0.1
4 m
3 i
n r
esp
ons
e t
o t
he
stor
m.
Th
e
ox
yg
en
—1
8
co
nt
en
t
of
th
e
ra
in
ra
ng
ed
fr
om
-l
.0
to
-1
3.
lo
/o
o,
a v
ari
ati
on
whi
ch
ren
der
ed
the
sto
rm
les
s
tha
n i
dea
l
for
iso
top
e h
ydr
o—
' o
graph separation. Nearly 70% of the rain had an isotopic value of —8.7 /00
o
and the weighted average rainfall was -8.0 loo.
Ba
se
fl
ow
ox
yg
en
—l
8,
co
nd
uc
ti
vi
ty
,
an
d
ni
tr
at
e
co
nt
en
ts
we
re
approximately —1O.6O/oo, 480 HS, and 1.5 mg/l, resPECtiV91Ya Prior
to the storm. In response to the storm, nitrate increased (by aPPrOX‘
imately 85%), conductivity increased and oxygen-18 first became heaV1er
¥  
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t
h
e
n
l
i
g
h
t
e
r
(
F
i
g
u
r
e
2
7
)
.
T
h
e
i
n
c
r
e
a
s
e
s
i
n
n
i
t
r
a
t
e
a
n
d
c
o
n
d
u
c
t
i
v
i
t
y
a
n
d
t
h
e
d
e
c
r
e
a
s
e
i
n
o
x
y
g
e
n
—
l
8
d
i
d
n
o
t
o
c
c
u
r
u
n
t
i
l
p
e
a
k
d
i
s
c
h
a
r
g
e
w
a
s
a
t
t
a
i
n
e
d
(
F
i
g
u
r
e
2
7
)
.
N
o
o
v
e
r
l
a
n
d
f
l
o
w
w
a
s
o
b
s
e
r
v
e
d
d
u
r
i
n
g
t
h
e
r
u
n
o
f
f
event.
U
S
i
n
g
t
h
e
w
e
i
g
h
t
e
d
a
v
e
r
a
g
e
o
r
m
o
v
i
n
g
w
e
i
g
h
t
e
d
a
v
e
r
a
g
e
f
i
g
u
r
e
f
o
r
r
a
i
n
o
x
y
g
e
n
—
1
8
,
a
c
c
u
r
a
c
i
e
s
o
f
b
e
t
w
e
e
n
1
3
a
n
d
1
5
%
c
a
n
b
e
o
b
t
a
i
n
e
d
f
o
r
t
h
e
g
r
o
u
n
d
w
a
t
e
r
c
o
m
p
o
n
e
n
t
o
f
p
e
a
k
d
i
s
c
h
a
r
g
e
.
T
h
e
i
s
o
t
o
p
e
h
y
d
r
o
g
r
a
p
h
s
e
p
a
r
a
t
i
o
n
f
o
r
t
h
e
s
t
o
r
m
i
s
g
i
v
e
n
i
n
F
i
g
u
r
e
2
7
.
A
t
p
e
a
k
d
i
s
c
h
a
r
g
e
,
a
l
m
o
s
t
8
0
%
o
f
t
h
e
r
u
n
o
f
f
w
a
s
g
r
o
u
n
d
w
a
t
e
r
/
a
c
c
o
r
d
i
n
g
t
o
t
h
e
i
s
o
t
o
p
e
m
e
t
h
o
d
.
T
h
e
s
t
a
n
d
a
r
d
g
r
a
p
h
i
c
a
l
t
e
c
h
n
i
q
u
e
w
o
u
l
d
y
i
e
l
d
an
e
ve
n
h
i
g
h
e
r
p
e
r
c
e
n
t
a
g
e
of
g
r
o
un
d
wa
t
e
r
.
T
h
e
i
n
c
r
e
a
s
e
in
n
i
t
r
a
t
e
a
n
d
l
i
g
h
t
e
r
o
x
y
g
e
n
-
1
8
v
a
l
u
e
s
i
n
t
h
e
st
re
am
at
pe
ak
di
sc
ha
rg
e
co
ul
d
ha
ve
be
en
th
e
re
su
lt
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a
pu
ls
e
of
fr
es
h
gr
ou
nd
wa
te
r
be
in
g
in
je
ct
ed
in
to
th
e
st
re
am
,
ho
we
ve
r,
th
e
co
nd
uc
t—
iv
it
y
tr
en
do
es
no
t
fo
ll
ow
th
is
hy
po
th
es
is
.
Th
is
lo
w
in
te
ns
it
y
st
or
m
pr
od
uc
ed
a
su
bd
ue
d
ru
no
ff
hy
dr
og
ra
ph
wh
ic
h
co
ns
is
te
d
al
mo
st
en
ti
re
ly
of
gr
ou
nd
wa
te
r.
In
cr
ea
se
d
ni
tr
at
e
co
nc
en
tr
at
io
ns
fo
ll
ow
in
g
pe
ak
di
sc
ha
rg
e
ap
pe
ar
to
be
of
gr
ou
nd
wa
te
r
origin.
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5.
I
N
T
E
R
P
R
E
T
A
T
I
O
N
O
F
T
H
E
R
E
S
U
L
T
S
Several
important
behavioural
characteristics
of
the
study
basins
have
beennoted
during
the
course
of
the
study.
Physical
evidence
which
corroborates
the
isotope
technique
for
the
use
in
non—
point
source
pollution
studies
has
been
obtained.
5.1
The
Role
of
Groundwater
in
Runoff
Generation
and
Its
Effect
on
the
Nitrate
Flux
in
a Stream During High
Runoff
Periods
The mechanisms
of runoff production in the study basins
seem to be controlled to a large extent by both the pre—event basin
conditions and the nature of the runoff — producing event itself.
The
nitrate flux in the stream during a runoff event, therefore, cannot
be generalized as being attributable to any single runoff source or
 
any combination of sources. The pre—event basin conditions and the
type of event must be considered in determining the nitrate sources.
Examples from the study demonstrate these relationships.
1. A major overland flow producing area on Verbeke's farm in the
Hillman Creek watershed was found to produce at least two types of
overland flow. On April 25, 1977,several samples were taken from the
runoff emanating from this site. Isotopic and chemical evidence clearly
est
abl
ish
ed
thi
s w
ate
r t
o b
e p
red
omi
nan
tly
gro
und
wat
er
in
ori
gin
.
Qua
nti
tat
ive
ly,
thi
s w
ate
r w
as
obs
erv
ed
to
be
sig
nif
ica
nt
in
the
run
off
eve
nt.
On
Jun
e 6
, t
his
are
a a
gai
n g
ene
rat
ed
qua
nti
tat
ive
ly
Si
gn
if
ic
an
t
ov
er
la
nd
fl
ow
.
Th
is
ti
me
,
ho
we
ve
r,
th
e
wa
te
r
pr
ov
ed
to
be
pre
dom
ina
ntl
y o
f e
ven
t o
rig
in
on
the
bas
is
of
iso
top
ic
and
che
mic
al
analyses.
Si
nc
e
th
e
ru
no
ff
wa
s
ge
ne
ra
te
d
in
th
e
sa
me
lo
ca
ti
on
bo
th
ti
me
s,
the
co
nt
ro
l
of
th
e
ru
no
ff
me
ch
an
is
ms
in
the
se
cas
es
mu
st
lie
in
the
e runoff producing
Dr
e-
ev
en
t
ba
si
n
co
nd
it
io
ns
an
d/
or
in
th
e
na
tu
re
of
th
events.
¥,  
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In
th
e
fo
rm
er
ca
se
,
th
e
b
a
s
i
n
wa
s
e
xt
r
e
m
e
l
y
w
e
t
a
f
t
e
r
so
me
73
mm
.
of
ra
in
in
th
e
p
r
e
c
e
d
i
n
g
th
re
e
da
ys
.
On
A
p
r
i
l
25
,
31
mm
.
of
ra
in
,
wi
th
no
mo
re
th
an
4
mm
.
of
ra
in
in
an
y
ho
ur
,
fe
ll
on
th
e
ba
si
n.
Th
e
wa
te
r
ta
bl
e
at
H4
4W
T8
wa
s
at
le
as
t
20
cm
.
hi
gh
er
th
an
du
ri
ng
ba
se
fl
ow
co
nd
it
io
ns
.
Th
e
la
tt
er
ca
se
,
ho
we
ve
r,
fo
un
d
th
e
ba
si
n
qu
it
e
dr
y
wi
th
th
e
wa
te
r
ta
bl
e
at
H4
4W
T8
so
me
25
cm
.
be
lo
w
th
e
le
ve
l
on
Ap
ri
l
25
.
Th
e
st
or
m
of
Ju
ne
6
dr
op
pe
d
38
mm
.
of
ra
in
on
th
e
ba
si
n
in
le
ss
th
an
tw
o
ho
ur
s.
In
es
se
nc
e,
th
en
,
th
e
Ap
ri
l
25
st
or
m
wa
s
of
lo
we
r
in
te
ns
it
y
on
a
we
t
ba
si
n
an
d
th
e
Ju
ne
6
st
or
m
wa
s
of
hi
gh
er
in
te
ns
it
y
on
a
dr
y
basin.
Th
e
Ap
ri
l
25
st
or
m
pr
od
uc
ed
ru
no
ff
by
th
e
va
ri
ab
le
ar
ea
-
ov
er
la
nd
fl
ow
me
ch
an
is
m
as
th
e
hi
gh
wa
te
r
ta
bl
e
an
d
la
rg
e
gr
ou
nd
wa
te
r
co
mp
on
en
t
in
th
e
ov
er
la
nd
fl
ow
su
gg
es
t
su
rf
ac
e
sa
tu
ra
ti
on
fr
om
be
lo
w.
The
Jun
e
6
sto
rm
pro
duc
ed
run
off
by
the
par
tia
l
are
a-o
ver
lan
d
flo
w
mec
han
ism
. T
he
rel
ati
vel
y d
eep
wat
er
tab
le
and
the
lar
ge
eve
nt
wat
er
com
pon
ent
in
the
ove
rla
nd
flo
w a
re
ind
ica
tiv
e o
f s
urf
ace
sat
ura
tio
n f
rom
ono
ve.
The nitrate increase in the stream during the April 25 storm
apparently resulted from an influx of high nitrate, variable area~overland
flow discharged shallow groundwater. Partial area—overland flow on that
date generally had low nitrate concentrations.
The nitrate increase in the stream during the June 6 storm
occurred only after groundwater re—established itself as the dominant
stream component. Again, variable area-overland flow discharged shallow
groundwater seems to be the source of the high stream nitrates. Prior
to the nitrate increase, the stream experienced very low nitrate concen—
trations.
These low values coincided with event water—diluted conductivities
and oxygen—18 values all of which suggest that partial area—overland flow
of
event
water
dominated
the
runoff
in
the
early
parts of
the
event
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2. The snowmelt runoff event of March 10 and the rain runoff event of
March 28 and 29 for the Upper East Canagagigue Creek apparently had
markedly different sources. In the first case, frozen soil conditions
contributed to the production of significant amounts of high nitrate,
event water origin, overland flow. 'Reversed gradients caused bank
storage of peak flow thereby prolonging the high nitrate flux in the
stream. In the second case, frozen soils were absent and overland flow
was not observed. Groundwater dominated the runoff hydrograph. High
nitr
ate
even
t wa
ter
caus
ed i
ncre
ased
nitr
ate
conc
entr
atio
ns i
n th
e st
ream
.
As m
enti
oned
earl
ier,
the
sign
ific
ance
of t
ile
drai
n ef
flue
nt i
n th
is c
ase
is
unk
now
n,
how
eve
r,
til
e d
rai
nag
e e
ffl
uen
t c
oul
d h
ave
bee
n r
esp
ons
ibl
e
fo
r
th
e
hi
gh
ca
lc
ul
at
ed
va
lu
es
of
ni
tr
at
e
in
the
ev
en
t
wa
te
n
3. Rain events on Hillman Creek on April 25 and May 4 were shown to produce
sto
rm
run
off
hyd
rog
rap
hs
tha
t p
rov
ed
to
be
mos
tly
of
gro
und
wat
er
ori
gin
.
Phy
sic
al,
iso
top
ic,
and
che
mic
al
evi
den
ce
all
sup
por
t t
his
hyp
oth
esi
s.
5
Ni
tr
at
e
co
nc
en
tr
at
io
ns
in
the
st
re
am
in
cr
ea
se
d
co
ns
id
er
ab
ly
in
re
sp
on
se
to
th
e
Ap
ri
l
25
st
or
m
bu
t
in
cr
ea
se
s
we
re
ne
gl
ig
ib
le
fo
r
th
e
Ma
y
4
st
or
m.
Th
e
di
ff
er
en
ce
be
tw
ee
n
th
e
re
sp
on
se
s
in
th
e
tw
o
st
or
ms
se
em
s
to
be
th
at
th
e
Ap
ri
l
25
ha
d
co
ns
id
er
ab
le
co
nt
ri
bu
ti
on
s
of
hi
gh
ni
tr
at
e,
sh
al
lo
w
gr
ou
nd
wa
te
r
pr
od
uc
ed
by
va
ri
ab
le
ar
ea
—o
ve
rl
an
d
fl
ow
.
Th
e
Ma
y
4,
ru
no
ff
wa
s
pr
od
uc
ed
ma
in
ly
by
lo
w
ni
tr
at
e
gr
ou
nd
wa
te
r
wh
ic
h
di
sc
ha
rg
ed
near
or i
nto
the
stre
am.
A la
rger
stor
m an
d we
tter
basi
n co
ndit
ions
P
r
o
b
a
b
l
y
a
r
e
r
e
s
p
o
n
s
i
b
l
e
f
o
r
t
h
e
v
a
r
i
a
b
l
e
a
r
e
a
—
o
v
a
r
i
a
n
d
f
l
o
w
p
r
o
d
u
c
t
i
o
n
 
on April 25.
5.
2
Th
e
P
e
r
f
o
r
m
a
n
c
e
of
th
e
IS
Ot
OP
e
Te
ch
ni
qu
e
of
H
yd
r
o
g
r
a
p
h
S
e
p
a
r
a
t
i
o
n
 
T
h
e
i
s
o
t
o
p
e
t
e
c
h
n
i
q
u
e
o
f
h
y
d
r
o
g
r
a
p
h
s
e
p
a
r
a
t
i
o
n
y
i
e
l
d
e
d
r
e
s
u
l
t
s
ground— 3
t
h
a
t
g
e
n
e
r
a
l
l
y
c
o
r
r
e
l
a
t
e
d
v
e
r
y
W
e
l
l
w
i
t
h
t
h
e
g
r
o
u
n
d
w
a
t
e
r
s
t
a
g
e
-
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wa
te
r
di
sc
ha
rg
e
ra
ti
ng
cu
rv
e
te
ch
ni
qu
e
an
d
th
e
sp
ec
if
ic
co
nd
uc
ti
vi
ty
re
su
lt
s.
Wh
er
e
di
sc
ré
pe
nc
ie
s
be
tw
ee
n
th
e
te
ch
ni
qu
es
oc
cu
rr
ed
,
pl
au
si
bl
e
explanations can be given.
Th
e
st
or
ms
of
Ap
ri
l
25
an
d
Ma
y
4
on
Hi
ll
ma
n
Cr
ee
k
ar
e
ex
am
pl
es
of
th
e
ex
ce
ll
en
t
co
rr
el
at
io
ns
be
tw
ee
n
th
e
is
ot
op
e
an
d
ra
ti
ng
cu
rv
e
te
ch
ni
qu
es
.
Th
e
ev
id
en
ce
sh
ow
in
g
th
at
mu
ch
of
th
e
ov
er
la
nd
fl
ow
on
Ap
ri
l
25
wa
s
in
de
ed
of
gr
ou
nd
wa
te
r
or
ig
in
fu
rt
he
r
su
bs
ta
nt
ia
te
s
th
e
isotope results.
The
Mar
ch
10
sno
wme
lt
eve
nt
on
Eas
t
Can
aga
gig
ue
Cre
ek
and
the
Jun
e 6
sto
rm
on
Hil
lma
n C
ree
k l
eft
iso
top
ic
and
che
mic
al
evi
den
ce
of
ban
k s
tor
age
.
Alt
hou
gh
the
re
was
no
equ
ipm
ent
on
Eas
t C
ana
gag
igu
e C
ree
k
for physical measurements of bank storage, the author's observations
of t
he q
uick
ly r
isin
g st
ream
leav
e li
ttle
doub
t as
to t
he v
alid
ity
of
the conclusions made on the basis of the isotopic and chemical data.
There is,.however, physical evidence in the form of hydraulic gradient
reversals which indicate that bank storage occurred along Hillman Creek
during the June 6 storm. This information confirms the isotopic results.
The groundwater stage—groundwater discharge rating curve
technique for the June 6 storm on Hillman Creek gave considerably
larger groundwater components than those obtained by the isotope tech-
nique. Although these results seem divergent, they probably are not
seriously so since the rating curve technique cannot discriminate between
the bank storage water and groundwater while the isotope technique
can. The difference between the two results, therefore, most likely
can be attributed to bank storage. Physical and isotopic evidence
suggest that this is a plausible explanation.
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5.3
Calculation
of
Nitrate
Fluxes
of
Overland
Flow
Using
the
Isotope
Technique
of
Hydrograph
Separation
While the isotope technique has been demonstrated to be reliable
in
separating
hydrographs,
its
application
to the
calculation
of
the
nitrate
fluxes
in overland
flow has
been
only moderately
successful.
One
of
the problems
incurred
during
the study
involved
the
assumption that the groundwater contributions to storm runoff are
temporally
and
spatially
constant
with
respect
to nitrate
concentration.
The present study has revealed that groundwater from several parts of
the basin can contribute to storm runoff and that these sources may have
quite different nitrate contents.
High nitrate drainage tile effluent may become a significant
factor during periods of high runoff. This component may have oxygen-l8
contents similar to the groundwater oxygen—18 discharged during baseflow
periods but the assumption that the baseflow and high runoff period nitrate
concentrations are the same may be tenuous. This problem is especially
prominent in the Canagagigue study where tile drainage is widespread.
Another problem incurred in the study involves the implied
assumption that overland flow is of event origin. The present study has
demonstrated that this is not always the case.
Th
e
is
ot
op
e
te
ch
ni
qu
e
for
hy
dr
og
ra
ph
se
pa
ra
ti
on
s
fo
r
the
cal
-
cul
ati
on
of
the
nit
rat
e
flu
x
due
to
the
gro
und
wat
er
and
ove
rla
nd
flo
w
Co
mp
on
en
ts
of
st
or
m
ru
no
ff
ha
s
pr
ov
en
to
be
ex
tr
em
el
y
ef
fe
ct
iv
e
in
ide
nti
fyi
ng
the
mec
han
ism
s a
nd
sou
rce
are
as
of
nit
rat
e t
ran
spo
rt
dur
ing
run
off
per
iod
s.
The
use
of
con
ven
tio
nal
tec
hni
que
s
alo
ne
wou
ld
hav
e
 
le
d
to
se
ve
ra
l
gr
os
s
er
ro
rs
in
the
de
sc
ri
pt
io
n
of
the
ni
tr
at
e
ru
no
ff
during the storm events in the study basins. For example: C0nVenti°nal ;
te
ch
ni
qu
es
wo
ul
d
no
t
ha
ve
id
en
ti
fi
ed
th
e
ov
er
la
nd
fl
ow
em
an
at
in
g
fr
om
Ro
ge
r
Ve
rb
ek
e'
s
fa
rm
‘i
n
th
e
Hi
ll
ma
n
Cr
ee
k
ba
si
n
du
ri
ng
th
e
Ap
ri
l
25
  
  
6O
sto
rm
as
gro
und
wat
er
and
wou
ld
the
ref
ore
hav
e a
ttr
ibu
ted
the
inc
rea
sed
nit
rat
e l
oad
in
the
str
eam
to
eve
nt
wat
er
run
nin
g o
ff
as
par
tia
l a
rea
—
ova
rla
nd
flo
w.
Con
ven
tio
nal
tec
hni
que
s
Wou
ld
pro
bab
ly
als
o h
ave
mis
sed
the
dis
tin
cti
on
bet
wee
n t
he
pre
—ev
ent
wat
er
oVe
rla
nd
flo
w o
n A
pri
l 2
5
and
the
even
t wa
ter
over
land
flow
on J
une
6 em
anat
ing
from
the
same
spot
on Roger Verbeke's farm in the Hillman Creek basin.
The
use
of s
tand
ard
grap
hica
l te
chni
ques
to c
alcu
late
the
nitr
ate
flux
in t
he s
trea
m du
ring
runo
ff p
erio
ds w
ould
unde
rest
imat
e th
e gr
ound
—
wate
r co
ntri
buti
ons
of n
itra
te t
o th
e st
ream
in t
he m
ajor
ity
of c
ases
as
gra
phi
cal
tec
hni
que
s a
re
not
ori
ous
for
ass
umi
ng
tha
t g
rou
ndw
ate
r d
ecr
eas
es
(or
inc
rea
ses
onl
y s
lig
htl
y)
dur
ing
run
off
eve
nts
.
In
the
Hil
lma
n C
ree
k
watershed, groundwater was responsible for the nitrate increases in the
stream in all the intensively monitored events.
5.
4
Ex
tr
ap
ol
at
io
n
of
th
e
Re
su
lt
s
to
Ot
he
r
Ba
si
ns
an
d
Fu
tu
re
Ru
no
ff
Ev
en
ts
Th
is
st
ud
y
ha
s
de
mo
ns
tr
at
ed
ho
w
a
si
ng
le
ba
si
n
ca
n
re
sp
on
d
to
di
ff
er
en
t
ru
no
ff
pr
od
uc
in
g
ev
en
ts
in
qu
it
e
di
ss
im
il
ar
fa
sh
io
ns
.
Th
e
na
tu
re
of
th
e
ru
no
ff
pr
od
uc
in
g
au
nt
an
d
th
e
pr
e—
ev
en
t
ba
si
n
co
nd
it
io
ns
we
re
me
nt
io
ne
d
as
tw
o
of
th
e
fa
ct
or
s
ca
us
in
g
th
es
e
va
ri
at
io
ns
.
Be
ha
vi
ou
ra
l
va
ri
at
io
ns
be
tw
ee
n
th
e
ad
ja
ce
nt
Ca
na
ga
gi
gu
e
wa
te
rs
he
ds
to
a
si
ng
le
ra
in
—
fa
ll
ev
en
t
ar
e
in
di
ca
ti
ve
of
th
e
co
nt
ro
l
of
wa
te
rs
he
d
re
sp
on
se
by
th
e
hy
dr
og
eo
lo
gi
c
ch
ar
ac
te
ri
st
ic
s
of
ba
si
ns
.
Al
l
of
th
es
e
fi
nd
in
gs
se
rv
e
to
ren
der
the
qua
nti
tat
ive
ext
rap
ola
tio
n
of
any
of
the
se
res
ult
s
fro
m
pas
t
eve
nts
on
a f
ew
bas
ins
to
pas
t
or
fut
ure
eve
nts
on
sev
era
l
bas
ins
,
qui
te
spe
cul
ati
ve.
One
can
onl
y s
pea
k i
n q
ual
ita
tiv
e t
erm
s i
f e
xtr
a-
po
la
ti
on
s
ar
e
to
be
ma
de
an
d
in
or
de
r
to
ma
ke
an
y
me
an
in
gf
ul
ge
ne
ra
li
za
-
tio
ns,
muc
h m
ore
eff
ort
mus
t b
e e
xpe
nde
d i
n t
he
inv
est
iga
tio
n o
f w
ate
r-
shed response to runoff producing events.
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TABLE 1
TEMPORAL
AND
SPATIAL
VARIATION
OF
GROUNDWATER
DISTANCE TO STREAM
(m)
NSm
WSm
Nlm
N65m
W65m
OXYGEN—18 NEAR H44WT8
DATE 8018(0/00)
Feb 12/77 -9.1
Mar 4/77 ‘9-1
June 12/75 ‘8-6
Aug 6/75 ~8.2
Feb 22/77 —8.3
Mar 4/77 —8.4
Feb 22/77 -8.9
Mar -904
Feb 22/77 -9.4
Mar 4/77 —9.7
April 1976 —9.2
Aug 6/75 —8.8
Feb 22/77 ~8.9
Mar 4/77 -9.2
Aug 6/75 -9.1
May 13/77 ‘9-5
June 1/77 “8-3
June 11/77 ‘8-1
May 13/77 ‘10-7
June 1/77 “8-8
June 11/77 ‘8-2
May 13/77 -9.9
June 1/77 ‘8-9
  
 —
<
‘
~
"
H
~
z
_
-
.
.
‘
.
1
,
-
.
.
.
.
3
.
H
A
SITE
H38P14
H38P20
H25P8
H25P8
H25P11
 
TABLE 2
TE
MP
OR
AL
AN
D
SP
AT
IA
L
VA
RI
AT
IO
NS
OF
GR
OU
ND
WA
TE
R
NITRATE NEAR H44WT8
DISTANCE TO STREAM
(m)
~65
0:65
m 5
DATE
MAY 19/77
APR 14/77
MAR 30/77
MAR 4/77
AUG 10/76
JULY 6/76
JUNE 3/76
APR 26/76
NOV 13/75
SEPT 12/75
AUG 6/75
APR 14/77
MAR 30/77
MAR 4/77
AUG 10/76
JULY 6/76
JUNE 3/76
APR 26/76
NOV 13/75
SEPT 12/75'
AUG 6/75
APR 14/77
MAR 30/77
MAR 4/77
AUG 10/76
JULY 6/76
JUNE 3/76
APR 26/76
NOV 13/75
SEPT 12/75
AUG 6/75
JUNE 12/75
MAY 19/77
APR 14/77
MAR 30/77
MAR 4/77
AUG 10/76
JULY 6/76
JUNE 3/76
APR 26/76
NOV 13/75
SEPT 12/75
AUG 21/75
'JUNE 12/75
NO —N
(mg/l)
N O
O
N
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‘
I
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O
N
I
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O
‘
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O
N
O
U
‘
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N
N
U
J
O
N
O
U
T
U
J
N
U
T
O
O
O
U
J
H
N
N
l
—
‘
O
O
O
P
—
‘
O
O
O
O
O
N
O
H
O
W
O
N
N
O
H
O
O
O
O
O
O
O
O
O
O
H
H
J
—
‘
J
—
‘
O
P
—
‘
m
w
0
0
D
O
O
O
O
O
O
O
‘
O
O
O
J
—
‘
O
O
H
N
I
—
‘
O
N
H
L
D
N
N
O
N
U
J
o
64
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TABLE 2 (CONTINUED)
SITE DISTANCE TO STREAM DATE NO3—N
(m
) (mg/1)
H25WT8 m 5 MAY 19/77 0.1
APR 14/77 1.8
MAR 4/77 0.2
H44P5 w 1 APR 14/77 0.1
MAR 30/77 0.3
MAR 4/77 0.1
H44P8 m 1 APR 14/77 0.0
MAR 30/77 0.1
MAR 4/77 0.1
   
TABLE 3
TY
PI
CA
L
HY
DR
AU
LI
C
HE
AD
DI
FF
ER
EN
CE
S
BE
TW
EE
N
H4
4W
T8
AN
D
TH
E
ST
RE
AM
AN
D
GW
W
AN
D
TH
E
ST
RE
AM
DU
RI
NG
BA
SE
FL
OW
PE
RI
OD
S
—
SPRING 1977.
H44WT8 — STREAM
DATE AH(CM)
APRIL 2/77 9.4
APRIL 22/77 7.1
MAY 4/77 9.8
JUNE 4/77 7.0
wa — STREAM
DATE AH(CM)
APRIL 2/77 8.9
APRIL 6/77 12.3
APRIL 22/77 8.8
MAY 4/77 13;1
JUNE 4/77 10.1
  
TABLE 4
TEMPORAL AND SPATIAL VARIATIONS IN STREAM
OXYGEN—18 DURING SNOWMELT RUNOFF
HILLMAN CREEK — FEBRUARY 22, 1977
LOCATION TIME
WEIR 11:15
WEIR 17:45
VERBEKE'S BRIDGE 15:15
VERBEKE'S BRIDGE 16:15
TABLE 5
PER
CEN
TAG
E
OF
GRO
UND
WAT
ER
IN
SNO
WME
LT
RUN
OFF
HILLMAN CREEK — FEBRUARY 22/77
ESTIMATED 18 0
LOC
ATI
ON
TIM
E
SNO
WME
LT
0
(/
00
)
WEIR 11:15 15.4
WEI
R
12:
45
15.
4
VER
BEK
E'S
BRI
DGE
15:
15
15.
4
VER
BEK
E'S
BRI
DGE
16:
15
15.
4
 
67
018(0/00)
PERCENT
GROUNDWATER
100
62
36
4O
  
TABLE 6
WA
TE
R
LE
VE
L
RE
SP
ON
SE
IN
GR
OU
ND
WA
TE
R
IN
ST
AL
LA
TI
ON
S
NE
AR
H4
4W
T8
AS
A
FU
NC
TI
ON
OF
DI
ST
AN
CE
FR
OM
TH
E
ST
RE
AM
HI
LL
MA
N
CR
EE
K
—
FE
BR
UA
RY
22
,
19
77
SITE
H38P14
H38P20
HZSPll
H44WT8
H44P8
  
DI
ST
AN
CT
TO
TI
ME
WA
TE
R
WA
TE
R
LE
VE
L
RA
TE
OF
WA
TE
R
ST
RE
AM
(M
)
LE
VE
L(
M)
RI
SE
(M
)
LE
VE
L
RI
SE
(M
/H
R)
665
142
0
203
.55
2
.00
3
1604 203.557 +‘005
~65
142
0
203
.55
6
0
0
1605 203.556
m 5 1457 203.149 .048
1600 203.199 +'050
m 3 1445 203.183
15
55
20
3.
22
5
+'
04
2
'03
6
m 1 1458 203.111
160
1
203
.16
3
+'0
52
'05
0
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TABLE 7
TEMPORAL VARIATIONS OF NITRATE CONTENT IN HILLMAN CREEK AT
WEIR 2 — MARCH 4—5, 1977
TIME ACCUMULATED N03‘—N RELATIVE STAGE AT
RAINFALL (MM) MINISTRY GAUGE (CM)
(mg/l)
MAR 4 1150 6 2.8 12
1350
7
1.4
19
1550 7 2.5 22 .
1750 7 3.9 24
1950 7 3.3 26 ;
2150 7 3.3 27
2350 7 2.4 25
MAR 5 0150 7 4.0 20
0350 7 3.4 15
0550 7 3.1 13
0750 7 2.7 11
0950 7 3.6 9
1350 7 2.9 7
  
31.!
70
TABLE 8
WA
TE
R
LE
VE
L
RE
SP
ON
SE
IN
GR
OU
ND
WA
TE
R
IN
ST
AL
LA
TI
ON
S
NE
AR
H4
4W
T8
AS
A
FU
NC
TI
ON
OF
DI
ST
AN
CE
FR
OM
TH
E
ST
RE
AM
-
HI
LL
MA
N
CR
EE
K
—
AP
RI
L
13
—2
8,
19
77
 
APRIL 13-21 NO RAIN
APRIL 22 38 mm
APRIL 23 35 mm
APRIL 24 NO RAIN
APRIL 25 31 mm (16 mm to 12 00)
APRIL 26 3 mm
APRIL 27 NO RAIN
APRIL 28 1 mm
I
SIT
E
DIS
TAN
CE
TO
TIM
E
WAT
ER
RIS
E (
M)
AVE
RAG
E R
ATE
;
STR
EAM
(M)
LEV
EL
(M)
0F
RIS
E (
mm/
hr)
’5 H38P14 ~65 1000 APR13 204.020
1. 1120 APR25 204.105 :3-035 +0'2
ii 1650 APR25 204.125 0'? 0 +3°
,3
12
15
AP
R2
8
20
4.
34
6
+
'
21
+3
-3
H25Pll m 5 1005 APR13 203.177
1125 APR25 203.439 +0'262 +0'9
3 1647 APR25 203.461 IO'OZZ +4'l
; 1218 APR28 203.271 '0‘123 '2'8
i
13
H4AWT8
m 3
0950 APR13
203.235
31 1240 APR25 203.421 +g'igg +2‘?
g
1125 APR28
203.298
' '
‘ '
f? H44P8 m 1 1125 APR25 203.358
5 1645 APR25 203.387 +8°023 +g'5
g 1220 APR28 203.225 ‘ '1 " '4
wa 0 1015 APR13 203.260
1105 APR25 203.396 +0‘l36 +0‘3
1150 APR28 203.311 "0'085 '1'2
  
 TABLE 9
TEMPORAL AND SPATIAL VARIATIONS OF OXYGEN—18, CONDUCTIVITY,
AND NITRATE IN THE STREAM, RAIN, OVERLAND FLOW, AND TILE DRAIN —
HILLMAN CREEK — APRIL 25, 1977
18
TYPE LOCATION TIME 0 COND NO3‘—N
(Woo) (us) (mg/1)
RAIN VERBEKE'S TO 1030 -17.4 22 —
BRIDGE TO 1230 —19.4 45 —
TO 1545 —19.0 21 —
WHITTLE FARM TO 0830 —16.5 41 —
TO 1205 —18 6 38 -
TO 1522 —19.2 82 —
VERBERE HOUSE TO 0950 —17.2 — 0.6
TO 1230 —19.8 - 0.5
TO 1535 —18.8 - —
VERBEKE HOUSE AT 0915 —19.3 28 -
AT 1225 -20.0 12 —
TILE WHITTLE'S 1525 — 9.5 826 62.7
DRAIN WHITTLE'S 0915 —16.7 67
OVERLAND 1200 —18.1 40 2.9
FLOW . 1515 —17.6 89 n
17
00
—1
6.
8
12
2
—
NOR
TH
WHI
TTL
E'S
091
0
—16
.4
136
-
120
5
—17
1
110
5.3
15
20
—17
.5
54
5.
8
VERBERE BRIDGE 1030 —ll.8 615 7-7
11
15
—1
2
3
56
9
7.
9
11
40
—1
2.
6
52
8
9.
6
12
30
—1
2.
7
48
3
6.
2
15
45
—1
0.
9
63
8
8.
5
16
30
-1
0.
3
66
4
8.
0
STR
EAM
AT
VER
BEK
E
BRI
DGE
012
5
- 8
.5
722
8.1
09
00
—
7.
8
73
6
8.
0
09
40
—
8.
2
73
8
—
11
00
—
8.
2
72
6
8.
7
11
15
—
8.
4
73
2
—
11
40
—
8.
5
73
5
5.
9
12
30
-
8.
5
72
1
—
13
00
-
8.
5
71
0
8.
2
15
00
—
8.
9
69
4
8.
4
15
45
—
8.
4
69
3
6.
0
16
30
—
8.
8
69
5
8.
3
21
00
—
8.
0
74
4
6.
6
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TABLE 10
TE
MP
OR
AL
VA
RI
AT
IO
NS
IN
OX
YG
EN
-1
8,
CO
ND
UC
TI
VI
TY
,
AN
D
NI
TR
AT
E
IN
EAST CANAGAGIGUE CREEK,
MARCH 7—11, 1977
 
0
TI
ME
DA
TE
60
18
CO
ND
.
N0
3
—N
<°
/o
o)
(11
8)
(m
g/
1)
1245 MAR 7 -11.2 i'g
2
0
4
5
-
1
0
.
9
1
.
8
2245 —10.8 -
004
5
MAR
8
—11
.2
1-8
044
5
—11
.3
624
3-2
084
5
-11
.1
-
14
45
-1
1;
2-
8
16
45
41
.2
3~
1
1‘
184
5
—11
.3
2-7
g 2045 -11.2 2'3
§%
224
5
-11
.3
3-3
a
084
5
MAR
9
-11
.6
-
5
110
0
—11
.6
2-6
5?
132
0
-11
.8
2'3
5’
15
20
-1
1,
9
2.
8
g
16
20
-1
2.
8
2-
9
17
20
-1
2.
5
2.
7
19
20
-1
1.
9
2.
8
21
20
-1
2.
3
3.
1
23
20
-1
2_
5
3.
3
0120 MAR 10 —12.3 555 2-9
03
20
—1
2.
6
3.
7
—1
2_
3
3.
8
09
20
-1
2.
2
53
9
3.
9
171
0
—13
.2
432
5.1
195
0
-14
.0
406
5.9
080
0
MAR
11
—14
.1
468
6.0
090
0
-13
.8
6.1
d
3'
5!...
3!?
M:
a
L.
‘
7
.
.
.
;
  
— 
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TABLE 11
TEMPORAL AND SPATIAL VARIATIONS IN SNow AND SNOWMELT OXYGEN—18
EASTCANAGAGIGUE BASIN MARCH 8—10, 1977
SITE TYPE TIME 5018 COND NIT
0‘, RATE
( /oo) (uS) (mg/l)
B SNow 1430 MAR 8 -18.8
1445 MAR 9 —19.4
1535 MAR 10 —17.8 103
1435 MAR 8 -11.7
SNOWMELT 1445 MAR 9 —13.4
1205 MAR 10 —15 9
c SNow 1445 MAR 8 —l6.l
1450 MAR 9 —16.9
1540 MAR 10 —17.5 147
SNOWMELT 1600 MAR 8 -l4.2 1.4
D SNow 1445 MAR 8 —l9.6
1500 MAR 9 -l9.8
1545 MAR 10 —19.0
E SNow 1505 MAR 8 —l7.9
1505 MAR 9 -l8.0
‘
15
50
M
A
R
10
—1
9.
2
SNOWMELT 1510 MAR 8 -l4 6
1115 MAR 9 -l4.4
1505 MAR 9 -l4.7
1620 MAR 9 —l3.9
1400 MAR 10 —l3.6 907
F SNow 1515 MAR 8 -18.7
1510 MAR 9 -20 l
1600 MAR 10 ~18.3 255
SNOWMELT 1570 MAR 9 -l4 6
1625 MAR 9 —l4-1
0920 MAR 10 -l4.6 228
1215 MAR 10 -l4.l 274
1410 MAR 10 -16-9 269
1555 MAR 10 -l4-9 240
G SNOWMELT 1605 MAR 8 -l4.7 0'2
SNow 1420 MAR 9 -l6.8
SN
OW
ME
LT
15
15
MA
R
10
-1
4.
5
29
1
H
SN
ow
15
35
MA
R
8
-2
0-
6
1425 MAR 9= -20-2
1525 MAR 10 -18-6
  
SITE
GAUGE
SITE
S.E. 0F
GAUGE
TYPE
SNOW
SNOWMELT
SNOWMELT
TABLE 11
TIME
FEB 21/77
1400 MAR 8
1405 MAR 9
1700 MAR 8
0900
1140
1310
1505
1715
1150 MAR 10
(CONTINUED)
6018
(0/00)
—22.
—23.
—18.
—14.
-l3.
—13.
-14.
—13.
\
l
l
—
‘
U
1
K
D
O
\
\
I
O
\
N
—ll.9
COND
(HS)
449
424
414
300
360
NITRATE
(mg/1)
8.
D
D
l
—
‘
b
 
8
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TABLE 12
CALCULATION
OF
NITRATE
EXPORT
FROM
EAST
CANAGAGIGUE
CREEK
MARCH 10, 11, 1977.
TIME
6018
Q
Q
Q
N
N
c
C
3t
3?
3e
t
e
t
e
(O/oo) (m /s) (m /s) (m /s) (mg/l) (mg/l) us us
MARCH 10
0120
—12.3
.42
.27
.16
2.9
3.2
555
——-
0520
-12.3
.41
.26
.15
3.8
5.7
530
'488
0720
—12.1
.44
.31
.14
4.0
6.9
534
488
0920
—12.2
.48
.32
.16
4.0
6.6
539
506
1320
—12.4
.71
.40
.29
4.3
6.5
516
461
1520
—12.6
1.13
.57
.57
4.6
6.5
476
397
1710
—13.2
1.75
.50
1.26
5.1
6.0
432
384
1750
—l3.3
1.84
.47
1.37
4.7
5.4
424
379
1950
—14.0
2.24
——
2.24
6.0
6.0
406
406
2150
—14.0
2.55
——
2.55
5.4
5.4
412
412
MARCH 11
0800
—14.1
1.02
——
1.02
6.1
6.1
468
468
ASSUMING 5018 = —11.3 oloo
solBe = —14.0 o/oo
N =2.7m/l
p g
C = 555 MS
 
M| .
 
 
TABLE 13
RE
SP
ON
SE
OF
NE
AR
—S
TT
EA
M
GR
OU
ND
WA
TE
R
AT
EA
ST
CA
NA
GA
GI
GU
E
GA
UG
E,
MARCH 28—29, 1977
APPROXIMATE TIME
DISTANCE T0
STREAM (m)
LOCATION
C1
P1
0
W2
m
11
30
MA
R
0725 MAR
1625 MAR
C1
P1
5
N2
m
11
30
MA
R
0725 MAR
1625 MAR
C3P5 7 m 1130 MAR
0725 MAR
1625 MAR
C3P10 7 m 1130 MAR
0725 MAR
1625 MAR
C3P24 7 m 1130 MAR
0725 MAR
1625 MAR
C4P8 50 m 1130 MAR
0725 MAR
1625 MAR
C4P22 50 m 1130 MAR
0725 MAR
1625 MAR
STREAM 1130 MAR
0725 MAR
1625 MAR
28
29
29
28
29
29
28
29
29
28
29
29
28
29
29
28
29
29
28
29
29
28
29
29
RELATIVE
WATER
LEVEL
(m)
,48.333
48.478
48.509
48.342
48.472
48.514
48.774
48.962
48.967
48.481
48.617
48.640
49.662
49.761
49.777
49.315
49.494
49.484
49.633
49.745
49.747
48.036
48.164
48.238
RISE
(m)
+0.145
+0.029
+ .130
+ .042
+ .188
+..005
+ .136
+ .023
+ .099
+ .016
+ .170
+ .010
+ .112
+ .002
+ .128
+ .074
AVERAGE
RATE OF
RISE
(mm/hr)
7.3
3.2
D
o
\
l
k
ﬂ
N
O
N
O
K
O
C
h
m
0
4
>
H
U
I
c
o
o
C
U
!
H
m
N
O
N
I
—
‘
U
'
I
(
1
3
0
‘
N
b
 
CALCULATION OF NITRATE EXPORT
MARCH 28—29, 1977
TABLE 14
FROM WEST CANAGAGIGUE CREEK,
  
ASSUMING 6018p
 
—13.5°/oo, 601 e
Np = 4.1 mg/l
TIME 5018 Q Q Q N
0 3t 3P 3e t
( loo) (m /s) (m /s) (m /S) (mg/l)
MAR 28
1050
—13.5
.54
.54
0
4.1
1150
-13.4
.58
.57
.01
4.1
1250
—13.4
.65
.64
.01
4.1
1350
—13.4
.74
.72
.01
4.0
1450
—13.3
.82
.80
.02
4.1
1650
—13.1
1.19
1.12
.07
4.2
1850
—12.8
1.73
1.60
.12
2.9
1950
—12.4
2.12
1.88
.24
5.1
2050
—12.3
2.29
2.01
.28
5.1
2150 -12.2 2.15 1.86 .29 6.2
2250 —12.2 2.07 1.79 .28 6.2
2350 —12.4 2.01 1.78 .23 6.1
MAR 29
0050 -12.4 1.92 1.71 .22 5.0
0150 —12.4 1.87 1.66 .21 5.4
0250 ~12.4 1.90 1.68 .22 5.5
0350 ~12.4 1.98 1.76 .22 5.5
0450 -12.2 2.07 1.79 .28 5.5
0550 A12.4 2.15 1.91 .24 6.8
0650 —12.4 2.24 1.98 .25 6.8
0750 —12.1 2.26 1.94 .33 7.2
0830 —12.0 2.24 1.89 .35 7.1
0945 -12.0 2.21 1.86 .34 7.3
1045 -12.1 2.18 1.86 .31 7.3
1145 —12.2 2.21 1.91 .30 6.8
1245 —12.3 2.29 6.5
—6
.3
9/
oo
to
17
50
MA
R
28
-3
.8
°/
oo
af
te
r
17
50
MA
R
28
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
77
N
e
(mg/1)
H
F
‘
¢
>
O
l
v
t
»
U
I
U
I
U
I
b
-
H
D
~
O
\
H
‘
U
I
£
~
\
J
\
J
k
)
D
-
m
N
l
a
x
v
r
a
y
a
12.5
15.8
16.2
16.8
14.9
27.9
27.9
27.5
25.4
23.8
25.0
26.3
24.4
 
 TABLE 15
C
A
L
C
U
L
A
T
I
O
N
OF
N
I
T
R
A
T
E
E
X
P
O
R
T
F
R
O
M
E
A
S
T
C
A
N
A
G
A
G
I
G
U
E
C
R
E
E
K
MARCH 28-29, 1977
18
    
TIME 60 Qt QP Qe Nt Ne
<°
/o
o)
(m
3/
s)
:<
m3
/s
)
(m
3/
s>
(p
pm
)
(p
pm
)
MAR 28
102
5
—12
.4
.22
.22
———
3.9
———
122
5
—12
.4
.28
.28
——-
3.9
——-
1425
-12.
6
.40
.40
-——
3.8
—-—
182
5
—12
.3
.79
.78
.01
4.3
32.
6
202
5
—12
.3
1.1
6
1.1
5
.01
4.3
38.
3
MAR 29
002
5
—12
.0
1.7
0
1.6
2
.08
5.5
38.
8
0225 -12.1 1.36 1.31 .05 5.7 56.4
0425 -12.0 1.08 1.02 .05 6.0 48.6
0625 —11.9 .91 .85 .05 6.1 42.1
0825 —12.0 .68 .65 .03 6.3 57.5
1025 —12.3 .85 .84 .01 5.9
1225 -13.0 1.08 4.8
1425 —13.1 1.36 4.4
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Figure 7. Temporal variations in oxygen—18 and conductivity of
overland flow and rain during storm on April 25, 1977,
Hillman Creek.
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Figure 11.
The relationship between oxygen—18 and conductivity in Hillman Creek, May 4—5, 1977.
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Figure 18.
 
Temporal variations in stream discharge,
oxygen—l8, conductivity and nitrate in
East Canagagigue Creek, March 9—11, 1977.
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VERBEKE BRIDGE STREAM
1500 25 04 77
‘8.9
694
8.4
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VERBEKE BRIDGE STREAM
1545 25 04 77
~B.4
693
6.0
83
VERBEKE BRIDGE STREAM
1630 25 04 77
-8.8
695
8.3
85
RAIN AT VERBEKE'S BRIDGE
TC 1030 25 04 77
-17.4
22
86
RAIN AT VERBEKE'S BRIDGE
TO 1230
25 04 77
-19.4
45
87
RAIN AT
VERBEKE'S
BRIDGE
TO
1545
25 04 77
'19.0
21
88
RAIN AT hHITTLE'S FARM
TL 0830
25 04 77
-16.5
41
89
RAIN AT
IHITTLE'S
FARM
TC
1205
25 04 77
-18.6
38
90
RAIN AT WHITTLE'S FAR!
TC
1522
25 04 77
-19.2
82
91
RAIN
AT
VERBEKE'S
FOUSE
TO
0950
25
04
77
-17.2
92
RAIN AT VERBEKE'S FCUSE
TO 1230
25 04 77
-19.8
.
93
RAIN
AT
VERBEKE'S
HOUSE
TC
1535
25
04
77
-18.8
94
RAIN
FROM
VERBEKE'S
EAVES
AT
1225
25
04
77
~20.0
12
93
TILE DRAIN AT NHITTLE'S
25 04 77
-9.5
826
62.7
96
OVERLAND
FLOW
-
WHITTLE'S
25
04
77
-16.7
57
97
OVERLAND FLOW
‘ WFITTLE'S
2D 04 77
-18.1
40
2.9
98
OVERLAND
FLOW
-
wHITTLE'S
25
04
77
‘17.6
89
99
OVERLAND
FLO“
AT
VERBEKE'S
BR.
25
04
77
—11.8
615
7.7
100
OVERLAND
FLOW
AT
VERBEKE'S
BR.
-12.3
569
7.9
101
OVERLAND
FLOW
AT
VERBEKE‘S
BR.
25
04
77
-12.6
528
9.6
102
OVERLAND
FLOW
AT
VERBEKE'S
BR.
25
04
77
-12.7
483
6.2
103
OVERLAND FLOW AT VERBEKE'S
BR.
25 04 77
‘10.9
638
8.5
OVERLAND
FLOW
AT
VERBEKE'S
BR.
25
04
77
-10.3
664
8.0
OVERLAND
FLOU
N.
OF
WHITTLE'S
25
04
77
~16.4
136
OVERLAND
FLOV
N.
OF
NHITTLE‘S
25
04
77
-17.1
110
5.3
OVERLAND
FLOW
N.
CF
WHITTLE'S
1520
25
O4
77
-17.5
54
5.8
RAIN
FROM
VERBEKE
EAVES
AT
0915
25
O4
77
-19.3
28
OVERLAND
FLOi
EHITTLE'S
FARM
1700
25
04
77
-16.8
122
UEIR
STREAM
1700
25
04
77
’9.5
654
VERBEKE
BRIDGE
STREAM
0900
25
04
77
‘7.8
753
‘
VERBEKE
BRIDGE
STREAM
2100
25
04
77
-8.0
744
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VERBEKE
BRIDGE
STREAM
0300
26
04
77
750
VERBEKE
BRIDGE
STREAM
0900
26
04
77
751
2.2
VERBEKE
BRIDGE
STREAM
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26
04
77
753
5.8
VERBEKE
BRIDGE
STREAM
2100
26
04
77
751
6.0
VERBEKE
BRIDGE
STREAM
0300
27
04
77
757
5.4
VERBEKE
BRIDGE
STREAM
0700
27
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77
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30
04
77
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6.3
HEI
R S
TRE
AM
1120
01
05
77
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6.4
WEIR
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AM
1335
02 0
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699
WEIR
STR
EAM
1235
03
05
77
696
5.5
WEI
R S
TRE
AM
090
0
04
05
77
683
6.2
WEIR
STRE
AM
1120
05 0
5 77
691
7.0
WEI
R S
TRE
AM
093
5
06
05
77
704
6.5
WEI
R S
TRE
AM
1015
07
05
77
688
4.6
RAIN
AT V
ERBE
KE H
DLSE
0900
04 0
5 77
-5.3
69
RAI
N F
ROM
VER
BEK
E E
AVE
S
085
0
04
05
77
-5.
9
44
0.5
RAIN
AT h
EIR
0900
04 0
5 77
-5.8
75
VER
BEK
E B
RID
GE
STR
EAM
091
5
05
05
77
I
784
RAIN
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KE B
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E
04 0
5 77
-5.2
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BEK
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RID
GE
STR
EAM
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BEK
E B
RID
GE
STR
EAM
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29
04
77
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6.5
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BEK
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GE
STR
EAM
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30
04
77
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STR
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01
05
77
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0
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RID
GE
STR
EAM
120
5
03
05
77
771
VER
BEK
E B
RID
GE
STR
EAM
1300
03
05
77
-7.
8
750
VER
BEK
E
BRI
DGE
STR
EAM
150
0
03
05
77
736
4.9
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6.2
VER
BEK
E B
RID
GE
STR
EAM
070
0
04
05
77
~7.
5
771
'7.1
VER
BEK
E B
RID
GE
STR
EAM
090
0
04
05
77
-7.
6
722
4.9
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E B
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GE
STR
EAM
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04
05
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-7.
3
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5.9
VER
BEK
E B
RID
GE
STR
EAM
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0
04
05
77
’7.
4
610
4.3
VER
BEK
E B
RID
GE
STR
EAM
1740
04
05
77
-7.
5
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6.1
VER
BEK
E B
RID
GE
STR
EAM
1940
04
05
77
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6.8
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STR
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O
O
H
u
i
-
O
‘
F
O
‘
O
v
-
‘
M
ﬁ
'
W
O
F
C
D
O
‘
O
ﬁ
N
N
Q
I
D
O
F
Q
0
5
m
g
g
g
ﬁ
m
z
ﬂ
ﬁ
b
ﬁ
h
m
w
m
m
m
m
w
m
m
o
o
o
o
o
u
m
o
o
ﬂ
ﬁ
ﬁ
H
H
ﬁ
—
O
H
F
‘
H
ﬁ
ﬁ
ﬂ
ﬁ
d
ﬂ
d
d
ﬂ
d
d
‘
ﬂ
d
ﬁ
ﬁ
ﬂ
ﬁ
‘
O
O
w
N
V
M
0
5
0
0
0
0
H
G
H
V
N
N
2
0
4
2
0
5
206
VERBEKE
VERBEKE
VERBEKE
VERBEKE
VERBEKE
VERBEKE
V
E
R
B
E
K
E
VERBEKE
V
E
R
B
E
K
E
VERBEKE
VERBEKE
V
E
R
B
E
K
E
VERBEKE
V
E
R
B
E
K
E
VERBEKE
V
E
R
H
E
K
E
VERBEKE
VERBEKE
V
E
R
B
E
K
E
VERBEKE
BRIDGE
BRIDGE
B
R
I
D
G
E
BRIDGE
B
R
I
D
G
E
B
R
I
D
G
E
BRIDGE
B
R
I
D
G
E
B
R
I
D
G
E
BRIDGE
BRIDGE
BRIDGE
BRIDGE
BRIDGE
BRIDGE
BRIDGE
B
R
I
D
G
E
B
R
I
D
G
E
B
R
I
D
G
E
BRIDGE
ST
RE
AM
STR
EAM
STR
EAM
ST
RE
AM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
TILE
DRAIN
AT
H44
PIEZ
A
AT
H44
PIEZ
E
AT
H44
PIEZ
C
AT
H44
GU
IN
STREAMBED
NEAR
RECORDER
V
E
R
B
E
K
E
VERBEKE
V
E
R
B
E
K
E
V
E
R
B
E
K
E
VERBEKE
VERBEKE
VERBEKE
VERBEKE
ME
IR
MEIR
WE
IR
ME
IR
WEIR
ME
IR
I
E
I
R
B
R
I
D
G
E
B
R
I
D
G
E
BRIDGE
BRIDGE
B
R
I
D
G
E
B
R
I
D
G
E
BRIDGE
BRIDGE
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
0340
0540
0740
0940
12
00
1340
1540
2340
0
1
4
0
0740
0900
1300
1
5
0
0
1700
1
9
0
0
2
1
0
0
0
1
0
7
0507
0707
0907
1345
1345
1345
1345
1
3
2
5
1200
1200
1330
1
2
1
5
1
7
1
5
1
2
0
0
1210
1150
0930
1320
1630
1130
1205
1240
1100
~--
  
0
5
(PARTS/MIL)
-_—--_---—
‘704
-
9
0
5
‘1007
“909
“7.3
‘703
“
7
.
1
'
7
0
4
'734
-704
(LS)
7
6
5
725
750
771
7
7
1
7
7
1
721
751
743
76
4
7
7
1
725
7
2
1
7
1
1
701
722
771
778
7
7
1
729
1021
618
653
667
646
88
2
8
1
9
819
833
889
8
3
3
889
785
764
764
778
778
771
771
(MG
/L)
_
_
-
—
-
-
8.1
4
.
5
5.6
6
.
7
8.4
303
7.5
4
.
7
5.0
6.3
5-5
4.
5
4
.
5
5.8
6.2
5.6
11.2
606
1001
5.0
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_-
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DAY
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/MI
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—-—_-_
----_
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—— --
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—--—
75
4
751
708
72
4
749
751
753
76
3
743
710
75
7
7
7
1
708
77
8
747
5.1
646
3.1
679
2.9
654
3.1
67
4
0.
0
82
0.
0
110
119
1600
1
7
0
0
1900
21
00
01
00
0
3
0
0
07
00
0900
1
1
0
0
09
00
09
00
09
00
1
2
4
0
12
40
1
2
0
5
1155
12
00
12
15
31
10
30
1
7
0
0
18
00
1
8
4
0
0700
07
30
1
0
3
0
VERBEKE
VER
BEK
E
VER
BEK
E
VERBEKE
VER
BEK
E
VER
BEK
E
VER
BEK
E
VER
BEK
E
VE
RB
EK
E
PI
EZ
A
PI
EZ
B
PIEL C
VE
RB
EK
E
BRI
DGE
VER
BEK
E
BRI
DGE
VE
RB
EK
E
BR
ID
GE
WE
IR
ST
RE
AM
‘
NEI
R S
TRE
AM
WEI
R S
TRE
AM
BE
IR
ST
RE
AM
RAI
N V
ERB
EKE
RAIN
VERBE
KE
RAIN VERBEKE
RAI
N V
ERB
EKE
RAIN
VERBE
KE
RAI
N A
T h
EIR
BRIDGE
BRIDGE
BRIDGE
BRI
DGE
BRIDGE
BRI
DGE
BRI
DGE
BRIDGE
BRIDGE
ST
RE
AM
STR
EAM
ST
RE
AM
ST
RE
AM
STR
EAM
S
T
R
E
A
M
S
T
R
E
A
M
ST
RE
AM
S
T
R
E
A
M
’603
‘
6
0
4
'6
03
-6
03
‘
6
0
6
"6
.6
-607
‘6
06
‘6
0?
“8
.3
“8
08
'809
'
5
0
7
'609
‘
6
0
7
“8
.2
'802
-
8
0
3
‘801
'203
“4.8
’6
04
‘
5
0
0
-500
‘
3
0
5
0
O
M
d
d
ﬁ
r
u
i
u
d
ﬂ
M
O
O
O
C
H
D
O
O
O
000
40
3
5.1
ST
RE
AM
S
T
R
E
A
M
ST
RE
AM
O
‘
O
H
N
M
d
‘
U
M
O
h
C
D
O
‘
O
O
d
d
ﬁ
r
w
w
ﬁ
ﬁ
n
ﬂ
m
m
N
N
N
N
N
N
N
N
N
N
N
N
HOUSE
HOUSE
HOU
SE
HOUSE
BRI
DGE
AT
AT
A
T
T
0
T
0
T
C
RAIN
R
A
I
N
RA
IN
AT VERB
EKE FCU
SE
VERBEKE EAVES
VE
RB
EK
E
EA
VE
S
T
C
AT
A
T
OVE
RLA
ND
FLO
W A
T V
ERB
EKE
BR.
VE
RB
EK
E
VER
BEK
E
V
E
R
B
E
K
E
VERBEKE
V
E
R
B
E
K
E
VER
BEK
E
VERBEKE
VER
BEK
E
VER
BEK
E
VE
RB
EK
E
V
E
R
B
E
K
E
BRI
DGE
BRIDGE
BRI
DGE
BRI
DGE
BRI
DGE
BRI
DGE
BRI
DGE
BRIDGE
BRIDGE
BRIDGE
BRI
DGE
ST
RE
AM
ST
RE
AM
ST
RE
AM
S
T
R
E
A
M
STR
EAM
STR
EAM
ST
RE
AM
S
T
R
E
A
M
S
T
R
E
A
M
ST
RE
AM
S
T
R
E
A
M
05
00
0
8
5
5
10
30
0
8
0
0
12
20
0
3
0
0
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00
1
2
0
0
14
00
16
00
1300
20
00
22
00
2400
02
00
“
7
.
4
-7.6
“
9
0
7
‘
7
0
8
‘
5
0
8
-706
'7
07
“
7
.
6
-
7
0
3
‘705
-
7
0
5
-7
.4
'7
02
-7
02
-7.3
4
9
1
6
9
7
2
238
778
3
7
1
4
8
2
611
694
722
75
3
764
778
771
767
000
00
0
4.5
0
.
0
4.2
0.0
7.1
9.5
10
.0
90
2
1
0
.
8
5.
3
10
.0
 
 APPENDIX
A
—
SAMPLE
ANALYSES
NATERSHED
LOCATION:
HILLMAN
CREEK,
ESSEX
COUNTY,
ONTARIO
SAMPLE
LOCATION
HUUR
DAY
MO
NUMBER
AND
TYPE
YR
OXYGEN-18
CDNDUCTIVITY
NITRATE
(PARTS/MIL)
(US)
(MG/L}
-----—-_—_--_—-----—_---_-_----
—_—-
-_—
—-
247
VERBEKE
BRIDGE
STREAM
0400
07
05
77
-7.2
785
248
VERBEKE
BRIDGE
STREAM
0600
07
06
77
-7.3
778
_
249
VERBEKE
ERIDGE
STREAM
0800
07
06
77
-bo9
763
a
250
VERBEKE
BRIDGE
STREAM
1200
07
06
77
-6.6
778
d
251
VERBEKE
BRIDGE
STREAM
1400
07
06
77
785
9
252
VERBEKE
BRIDGE
STREAM
1600
07
06
77
761
7
253
VERBEKE
BRIDGE
STREAM
1800
07
06
77
~7.0
778
7
254
VERBEKE
BRIDGE
STREAM
2000
07
06
77
-7.0
771
4o
255
VERBEKE
BRIDGE
STREAM
2400
07
06
77
-6.8
771
6
256
VERBEKE
BRIDGE
STREAM
0200
08
06
77
-6.9
771
6
257
VERBEKE
BRIDGE
STREAM
0400
08
06
77
-b.9
778
7
258
VERBEKE
BRIDGE
STREAM
0900
08
06
77
~7.3
620
2
259
VERBEKE
BRIDGE
STREAM
1300
08
06
77
-7.3
511
4
260
VERBEKE
BRIDGE
STREAM
1500
08
06
77
-7.0
261
VERBEKE
BRIDGE
STREAM
1700
08
06
77
-7.0
792
262
VERBEKE
BRIDGE
STREAM
1900
08
06
77
-6.9
725
263
VERBEKE
BRIDGE
STREAM
1100
09
06
77
-6.8
792
264
VERBEKE
BRIDGE
STREAM
1700
09
06
77
-7.1
668
265
VERBEKE
BRIDGE
STREAM
0830
10
06
77
-6.9
722
266
VERBEKE
BRIDGE
STREAM
2030
10
06
77
-6.6
267
PIEZ
B
1200
11
06
77
~8.2
819
268
PIEZ
A
1200
11
0
8
O
7
 
06
77
’80!
819
273
WEIR
STREAM
1200
06
77
274
IEIR
STREAM
1150
06
77
«
ﬂ
¢
¢
  
 APPENDIX A - SAMPLE ANALYSES
WATERSHE
D LOCAT
ION: CA
NAGAGIG
UE CREE
K. TRIB
UTARY O
F GRAND
R.. ONT
ARIO
SAMP
LE L
CCAT
ION
HOUR
DAY
MU Y
R OX
YGEN
-18
CGND
UCTI
VITY
ATTR
ATE
‘
NUMBE
R AND
TYPE
(PART
S/MIL
)
(US)
(MG/L
)
---——
- —--
—-——-
-----
-——--
————-
_---_
-—_—
---—
—-— -
— --
-----
-—-——
----—
-----
—- --
--_.
E. CAN
AT GAUGE
SNOW
21 02 7
7 ~22
.2
‘5. CAN
STREAM
1020 21
02 77
’11.1
E. CAN
STREAM
1245 07
03 77
'11.2
E. CAN
STREAM
2045 07
03 77
'10.9
2. CAN
STREAM
2245 0
7 03 77
‘10.8
E. CAN
STREAM
0045 0
8 03 77
-11.2
E. CA
N
STREA
M
0245
08 03
77
STRE
AM
0445
08 0
3 77
“11.
3
624
E. C
AN
STRE
AM
0645
08 O
3 77
E. C
AN
STRE
AM
0845
08 O
3 77
“11.
1
E.
CAN
STR
EAM
124
5
08
03
77
E. C
AN
STRE
AM
1445
08 O
J 77
'11.
1
E. C
AN
STRE
AM
1645
08 0
3 77
-11.
2
E. C
AN
STRE
AM
1845
08 0
3 77
*ll.
3
E
.
E
N
N
N
H
—
‘
N
N
N
N
N
N
‘
W
N
N
Z
<0
O
m
~
m
o
m
o
v
~
m
m
¢
m
o
h
m
®
I
-
H
-
o
ﬂ
o
-
‘
v
-
‘
o
-
n
-
u
-
t
—
o
v
.
CAN
STRE
AM
2045
08 0
3 77
‘11.
2
20
'. CA
N
STRE
AM
2245
08 0
3 77
-11.
3
21
E. C
AN A
T GA
UGE
SNOW
1400
08 0
3 77
-23.
6
‘ B
,
SNOW
1430
08 0
3v77
-18.
8
C
SNOﬂ
1445
08 0
3 77
‘16.
1
D
SNOW
1455
08 0
3 77
019.
6
E
SNOW
1505
08 0
3 77
-17.
9
F
SNOW
1515
08 0
3 77
~18.
7
E h
SNOW
1535
08 03
77
“20.6
B
E
C
G
K
b
m
‘
O
Q
Q
m
N
W
‘
O
F
-
(
n
—
d
ﬁ
m
l
ﬂ
.
N
SNOHM
ELT
1435
08 03
77
‘11.7
SNOHM
ELT
1510
08 03
77
-l4.6
OVERL
AND F
LCW
1600
08 03
77
-14.2
1.5
SNOWM
ELT
1605
08 03
77
-14.7
0.2
SNOﬂM
ELT
0.5
36
E. C
AN S
TREA
M
0045
09 0
3 77
2.7
37
E. C
AN S
TREA
M
0245
O9 0
3 77
2.6
38
E. C
AN S
TREA
M
0445
09 0
3 77
2.2
39
E. C
AN S
TREA
M
0645
09 0
3 77
2.7
40
E. C
AN S
TREA
M
0845
09 0
3 77
-11.
6
2.9
41
E. C
AN S
TREA
M
1100
O9 0
3 77
-11.
6
2.6
42
E. C
AN S
TREA
M
1320
09 0
3 77
-11.
8
2.3
43
E. CA
N STR
EAM
1520
09 03
77
-ll.9
2.8
44
E. CA
N STR
EAM
1620
09 03
77
-12.8
2.9
45
E. CA
N STR
EAM
1720
09 03
77
~12.5
2.7
46
E. C
AN S
TREA
M
1920
09 0
3 77
~11.
9
2.8
47
E. C
AN S
TREA
M
2120
09 0
3 77
-12.
3
3.1
 
  
APPENDIX A ‘ SAMPLE ANALYSES
WATERSHED LOCATION: CANAGAGIGUE CREEK. TRIBUTARY OF GRAND R.. ONTARIO
SAMPLE LOCATION
HOUR DAY MO YR OXYGEN-18 CONDUCTIVITY NITRATE
NUMBEF AND TYPE
(PARTS/MIL) (US) (MG/L1
--__ _..... _— .. —-.—_—-c—---
—--—---
_—__- -
-_.._-
4
8
49
5
0
5
1
5
2
53
5
4
55
56
57
6
0
6
1
62
63
6
4
STREAM
2320
GAUGE SNOW
1405
SNOW 1435
SNOW
1445
SNOW
1450
SNOW
1500
SNOW
1505
SNOW
1510
SNOW
1420
SNOE
142
SADWMELT
144
SNOWMELT
111
SNOUMELT
150
162
152
<
<
03 77 —12.5 3.3
03 77 —18.7
03 77 —15.2
03 77 -19.4
03 77 -16.9
03 77
-19.8
03 77 -18.0
03 77 —2o.1
03 77 -16.8
03 77
—20.2
03 77 -13.4
03 77 ~14.4
03 77 -14.7
03
77
—13.9
03 77 —14.6
o;
77
-14.1
03
77
-1c.5
03 77
—12.3
555
03
77
-12.6
03
77
—12.3
530
03 77 -12.1 534
03
77
~12.2
539
03
77
03 77
-12.4
515
03
77
—12.6
476
03 77
—13.2
432
03
77
-13.3
424
03 77
—14.0
406
03
77
-14.0
412
03 77
-17.5
47
03
77
-17.8
103
03
77
—17.5
147
03
77
-19.0
03
77
—19.2
03
77
-18.3
'
255
03
77
~18.6
03 77 —13.9 449 4.4
03 77
—13.5
4.1
03 77
-14.1
424
03
77
-13.7
414
O
0
O
O
.
.
H
H
H
H
H
H
h
h
k
k
k
k
O
0
0
@
0
3
0
0
O
0
0
0
0
0
0
0
a
m
0
0
u
u
u
m
u
w
m
w
m
m
m
m
m
w
SNOWMELT
SNOUMELT
'
65
SNOWMELT
1625
66
SITE
SNONMELT
1415
67 E. CAN STREAM
0120
68
E. CAN STREAM
0320
69 E. CAN STREAM
0520
70
E. CAN STREAM
0720
71 E. CAN STREAM
0920
72
E. CAN STREAM
1120
73
E. CAN STREAM
1320
74 E. CAN STREAM
1520
75
E. CAN STREAM
1710
76
E. CAN STREAM
1750
77 E. CAN STREAM
1950
78 E. CAN STREAM
2150
79
SITE A SNO'
1535
80
SITE 8 SNOW
1535
81 SITE C SNOW
1540
82 SITE 2 SNOW
1545
F
H
u
m
m
m
m
m
m
m
m
m
m
m
m
m
m
m
m
u
P
k
k
h
k
h
h
h
"
H
u
u
H
u
—
u
-
t
h
-
Q
z
z
<
m
u
o
m
u
o
x
m
w
u
u
u
m
o
O
.
u
h
w
o
o
a
ﬁ
o
n
ﬁ
o
¢
0
.
0
0
.
0
.
0
.
:
M
m
4
v
c
c
é
m
a
o
m
83 SITE SNOW
1550
84 SITE SNOH
1600
85 SITE SNOW
1525
86
E. CAN GAUGE OVERLAND FLOW
0900
87 E. CAN GAUGE OVERLAND FLOW
1140
88 E. CAN GAUGE OVERLAND FLOW
1310
89 E. CAN GAUGE OVERLAND FLOW
1505
@
0
0
0
O
O
O
O
O
O
Q
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
C
O
O
O
Q
H
H
m
M
H
H
d
ﬂ
n
n
n
d
u
ﬂ
n
u
ﬁ
u
n
d
d
a
d
 
 APPENDIX A - SAMPLE ANALYSES
EATERSHED LOCATION: CANAGAGIGUE CREEK. TRIBUTARY 0F GRAND R.. ONTARIO
SAMPLE LCCATICN HOUR DAY MO YR OXYGEN*18 CONDUCTIVITY NITRATE
NUMBER AND TYPE
(PARTS/MIL) (US) (MG/L)
--—--- —---.——--—----——--——.——-———-—-——-- -_-- —_— —- —- --——————- ~-—------—- -—-——._
03 77 300
03 77 -11.9
360 8.8
03 77 -1b.9
O3 77 -13.6
907
03 77
-14.6
228
03 7
7
~14.
1
274
-14.9
269
03 77 -14.9
240
03 77 -14.5
291
03 77
-l4.1
468
6.0
03 77
-1308
6.1
90 E. CAN GAUGE OVERLAND FLOW
91 5.5. UF_GAUGE OVERLANE FLOW
92 SITE 8 SNOWMELT
E SNDHMELT
F
SNOHMELT
F
SNOWMELT
F
SNOWMELT
F SNOﬂMELT
G SNOUM
ELT
1515
CAN STREAM
r 0800
CAN STR
EAM
0900
CAN GAUGE SNOW
MELT
1700 03 77
-14.6
CAN STR
EAM
1025
03 77
~12.4
496
3.9
CAN STREAM
1225 28 03 77
-12.4
488 3.9
CAN STREAM
1425 28 03 77
—12.6
473 3.8
STREAM
1825 28 03 77
-12.3
449 4.3
CAN STREAM
2025 28 03 77
-12.3
438 4.3
CAN STR
EAM
0025 2
9 03 77
-12.0
454
5.5
CAN STREAM'
0225 29 03 77
-12.1
457 5.?
CAN STREAM
0425 29 03 77
-12.0
456 6.0
CAN STREAM 0625 29 03 77 -11.9 458 6.1
5. CAN STREAM
0825 29 03 77
-12.0
469 6.3
E. CAN STREAM
1025 29 03 77
-12.3
460 5.9
E. CAN STREAM 1225 29 03 77 -13.0 408 4.8
E. CAN STREAM
. 1425.
.29 03 77 '1
3.1 36
1 4.4
w. CAN STREAM 1050 28 03 77 -13.5 407 4.1
W. CAN STREAM 1150 '28 03 77 ~13.4 404 4.1
W. CAN STREAM
1250 28 03 77
-13.4
403 4.0
STREAM 1350 28 03 77 -13.4 400 4.0
H. CAN STREAM 1450 28 03 77 -13.3 397 4.1
W. CAN STREAM
1650 28 03 77
-13.1
399 4.2
N. CAN STREAM 1850 28 03 77 —12.8 376 4.9
U. CAN STREAM 1950 28 03 77 ’12.4 374 5.1
U. CAN STREAM 2050 28 03 77 -12.3 369 5.1
w. CAN STREAM 2150 28 03 77 -12.2 369 6.2
W. CAN STREAM 2250 28 03 77 -12.2 374 6.2
W. CAN STREAM 2350 28 03 77 -12.4 374 6.1
H. CAN STREAM 0050 28 03 77 -12.4 376 5.0
U. CAN STREAM 0150 28 03 77 -12.4 378 5.4
H. CAN STREAM 0250 28 03 77 -12.4 378 5.5
5
[
s
MO
O
O
O
O
O
O
O
O
O
A
o
—
c
m
m
«
H
u
m
m
u
d
u
a
—
n
u
o
m
{
D
O
W
O
O
l
D
O
X
O
u
n
n
o
O
ﬁ
h
d
m
m
F
W
N
d
’
O
‘
N
ﬁ
f
M
d
ﬁ
ﬂ
H
O
d
I
-
O
H
H
U
'
U
:
.
L
J
L
U
I
U
!
L
|
F
-
I
—
t
-
l
-
l
—
O
-
H
H
M
H
H
H
Q
(
D
U
N
D
U
H
D
’
J
H
M
00
‘
Z
‘
1
U
.
.
.
0
.
o
o
.
.
.
o
M
N
U
J
H
J
L
I
J
I
U
U
J
M
J
L
U
L
U
U
J
l
0
0u
n
u
n
n
n
u
n
w
u
u
d
u
u
H
M
ﬂ
—
c
u
—
u
—
u
ﬂ
—
c
—
a
Z
(
U
o
3
h
m
O
‘
O
—
i
N
N
Q
W
K
D
T
‘
Q
O
O
d
N
M
d
'
I
D
‘
O
F
m
O
O
O
O
n
w
u
u
u
M
—
o
d
—
I
M
N
N
N
N
N
N
N
N
N
N
  
  
APPENDIX A - SAMPLE ANALYSES
VATERSHED LOCATION: CANAGAGICLE CREEK. TRIBUTARY OF GRAND Re. ONTARIO
SAMPLE LCCATIUN
NUMBER
AND
TYPE
0m
m
N
H
M
W
M
M
F
H
n
m
¢
¢
W
f
ﬂ
¢
“
c
h
m
t
O
F
m
O
‘
O
d
e
ﬂ
'
m
O
F
F
-
O
‘
O
u
ﬁ
l
¢
¢
¢
¢
¢
I
D
U
H
D
I
O
d
d
ﬁ
ﬁ
H
—
O
d
“
N
M
N
N
H
'
G
‘
H
-
‘
I
‘
M
—
I
H
M
H
M
I
‘
F
’
H
ﬂ
d
v
ﬂ
d
ﬁ
‘
v
ﬂ
r
‘
m
c
u
n
o
b
m
m
o
—
u
u
c
m
m
m
U
H
W
M
U
M
O
O
I
N
O
Q
O
F
Q
O
0
0
0
0
n
u
n
—
c
170
CAN
CAN
CA
N
CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN
SIT
E G
E
.
RAIN
RAIN
RAIN
R
A
I
N
RAIN
RAIN
CA
N
STREAM
STR
EAM
STR
EAM
STREAM
STREAM
STR
EAM
STR
EAM
STREAM
STREAM
STREAM
STR
EAM
AND H SNOWNELT
STR
EAM
MARTIN FARM 5
MARTIN FARM
3.6 FM
HORS
T FA
RM 7
.9 M
M
HORST FA
RM 7.1
MW
GINCRICH FARM 7.9 MM
GINGRICH FARM 4.7 MM
07
MM
GINGRICH FARM PUDDLE
GINGRICH FARM PUDDLE
RAIN
RAIN
RAIN
RAIN
RAIN
RA
IN
RAIN
RAIN
R
A
I
N
RAIN
W.
U
0
U
.
I
.
I
.
'
0
N
o
I
.
U
.
CAN
CA
N
CAN
CA
N
CAN
CA
N
CAN
CAN
C
A
N
STREAM
STR
EAM
STREAM
ST
RE
AM
STREAM
STREAM
STR
EAM
STREAM
STR
EAM
MARTIN FARM
MARTIN FARM
MARTIN FARM
MARTIN FARM
GINGRICH
GING
RICH
GI
NG
RI
CH
GINGRICH
GINGRICH
GINGRICH
F
A
R
M
FARM
FARM
FARM
FARM
FARM
3.3 MM
601
MM
808 MM
402
MM
2
.
1
M
M
005 MM
llOZMM
TC
2.32MM
TU
EAVES TRUUGF
SAVES TRCUGE
T
C
T0
T
0
T
C
TC
T
C
HOUR D
03
50
0450
0550
06
50
0750
0630
0945
1045
1145
1245
14
30
1640
10
10
1800
0
6
4
0
17
45
0600
1810
0
6
0
0
1055
1815
0900
1435
0815
1755
0950
1420
0945
1825
1425
0945
2020
0820
1
3
4
5
1320
1645
1745
18
45
1945
2045
AV MO YR
OXYGEN-18
(PARTS/MIL)
l
l
l
l
l
l
l
l
!
o
.
0
.
.
o
n
.
.
0
.
n
o
.
0
N
N
N
N
N
N
N
N
N
N
N
O
N
O
M
«
w
u
q
ﬁ
a
r
u
u
a
u
u
h
a
u
u
l
l
I
I
l
I
«
v
a
u
o
O
A
N
m
m
m
—
‘
m
m
m
m
0
'
0
I
-10.5
CLNDUCT
IVITY N
ITRATE
(US)
378
38d
38
8
3
8
9
38
6
383
386
353
385
374
353
6
9
5
1
4
0
64
4
4
4
7
8
4
8
6
451
44
7
446
444
4
6
0
4
5
4
458
(MG/L)
5.5
5
.
5
5.8
6.5
7.2
7.1
7.3
7.3
6.8
6.5
5.9
0
-
9
0
5
0
c
o
c
o
N
—
‘
O
O
N
m
o
h
o
c
o
o
m
0
0
0
.
0
0
0
0
.
N
N
—
u
d
n
w
n
n
u
d
 
 APPLNDIX A - SAMPLE ANALYSES
lATERSHED LCCATIDN: CANAGAGICUE CREEK. TRIBUTARY 0F GRAND R.o DNTARIU
SAMPLE LCCATIDN
HOUR DAY MU YR OXYGEN-18 CGNDUC
NUMBER AND TYPE (PARTS/MIL) (US (Md/L)
—----———-_----—------—— —-_- ~—— -— -— --_---—---_— -~—_-
W. CAN STREAM 2145 21 04 77 472
W. CAN STREAM 2245 21 04 77 458
w. CAN STREAM 2345 21 O4 77 472
W. CAN STREAM
0045 22 04 77 -10.7
W. CAN STREAM 0145 22 04 77 479
W. CAN STREAM
, 0245 22 04 77 -10.3
W. CAN STREAM 0345 22 04 77 481
H. CAN STREAM
0445 22 04 77 -10.4
W. CAN STREAM 0545 22 04 77 v10.1 457
U. CAN STREAM 0645 22 04 77 -9.4 504
W. CAN STREAM 0745 22 04 77 -10.0 486
W. CAN STREAM
0645 22 O4 77 ’9.5
w. CAN STREAM
0945 22 04 77
W. CAN STREAM 1045 22 O4 77 -9.9
W. CAN STREAM
1135 22 O4 77 10.1
U. CAN STREAM
1235 22 04 77 -10.3
W. CAN STREAM 1335 22 04 77 479
W. CAN STREAM 1435 22 04 77 -10.0
0. CAN STREAM' 1535 22 04 77 467
U. CAN STREAM
1635 22 04 77 -10.3
I. CAN STREAM 1735 22 04 77 475
N. CAN STREAM 1835 22 04 77 -10.2
I. CAN STREAM
1935 22 04 77
483
U. CAN STREAM
2035 22 04 77 ~10.3
W. CAN STREAM ‘ 2135' 22 04 77 481
W. CAN STREAM
2235 22 04 77 *10.0
W. CAN STREAM 2335 22 04 77
198 I. CAN STREAM
0035 23 04 77 -10.1
199 I. CAN STREAM 0135 23 04 77 465
200 W. CAN STREAM
0235 23 04 77 ~10.0
201 U. CAN STREAM 0335 23 04 77 -9.5
202 U. CAN STREAM
0435 23 04 77 -10.3
203 U. CAN STREAM
0535 23 04 77 -10.0
204 U. CAN STREAM
0635 23 04 77 -9.6 471
205 U. CAN STREAM
0735 23 04 77 -9.8
206 I. CAN STREAM
0835 23 04 77 -9.7
207 I. CAN STREAM
1030 23 04 77 *10.3
208 w. CAN STREAM
1130 23 04 77 -10.5 479
209 U. CAN STREAM
1230 23 04 77 -10.5
210 H. CAN STREAM
1330 23 04 77 -10.2 486
u
N
M
d
I
D
O
F
C
D
O
N
O
H
N
M
Q
I
D
'
G
N
T
D
Q
O
P
T
N
M
G
‘
I
D
‘
O
N
h
h
b
ﬁ
ﬁ
h
b
N
N
Q
Q
Q
M
Q
Q
Q
Q
Q
Q
O
O
O
G
O
O
W
O
d
u
d
—
0
H
,
.
"
A
d
u
u
d
u
d
u
u
—
d
u
d
—
I
n
d
n
ﬁ
d
n
ﬂ
d
m
o
n
m
m
~
m
n
m
m
¢
m
s
o
o
¢
m
¢
b
c
h
o
h
c
e
o
~
w
v
m
m
¢
¢
m
o
m
m
m
m
m
I
Q
O
O
Q
O
Q
O
I
I
Q
O
Q
0
0
.
0
.
1
!
0
.
0
0
.
0
.
1
I
0
0
0
0
0
0
1
I
0
0
0
0
0
O
.
H
ﬁ
w
h
d
d
d
w
u
d
ﬁ
m
d
p
u
ﬂ
ﬁ
d
w
u
w
d
ﬁ
d
I
n
n
ﬁ
d
u
p
ﬂ
d
d
w
h
q
d
d
ﬂ
h
ﬂ
w
d
u
u
d
d
d
APPENDIX
A
-
SAMPLE
ANALYSES
HATERSHED
LGCATIDN:
CANAGAGIGUE
CREEK;
TRIBUTARY
0F
GRAND
R09
ONTARIO
SAMPLE
LOCATION
HOUR
DAY
MO
YR
OXYGEN-lb
CUNDUCTIVITY
NITRATE
NUMBER
AND
TYPE
(PARTS/MIL)
(US)
(MG/L)
-—-,—
--—
--
_-—
_—----_--—
----——--——-_
-----..
h.
CAN
STREAM
1430
23
04
77
We
CAN
STREAM
1530
23
04
77
We
CAN
STREAM
1630
23
04
77
W.
CAN
STREAM
1730
23
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